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Acknowledgement  and  Disclaimer 


All  of  the  materials  incorporated  in  this  compendium  were  assembled  by 
the  American  Water  Works  Association  Research  Foundation  for  a  Workshop 
on  Emerging  Technologies  held  in  May  1988. 

Any  opinions,  findings,  conclusions,  or  recommendations  expressed 
herein  are  those  of  the  individual  authors  and  do  not  necessarily 
reflect  the  views  of  the  Ontario  Ministry  of  the  Environment. 


PREFACE 


The  American  Water  Works  Association  Research  Foundation  organized  a 
workshop  on  Emerging  Technologies  which  was  held  in  Venice,  Italy  in 
May  1988.  The  participating  countries  submitted  their  information  to 
the  AWWA  Research  Foundation  who  prepared  and  distributed  this  workbook 
to  the  participants  prior  to  the  meeting. 

The  Ontario  Ministry  of  the  Environment  participated  in  the  Venice 
meeting  and  collected  the  Canadian  material.  The  Ministry,  with  the 
approval  of  the  Research  Foundation,  is  reprinting  this  material  for 
distribution  to  the  Canadian  contributors. 


EMERGING  TECHNOLOGIES  WORKBOOK 
INTRODUCTION 

PROJECT  BACKGROUND 

The  objective  of  this  project  is  to  identify  emerging 
technologies — innovative  developments  of  all  kinds — in  the  water 
supply  field  with  two  purposes  in  mind:  (1)  the  collection  and 
exchange  of  information  among  the  participating  parties  and  (2) 
the  discovery  of  promising  approaches  that  merit  further 
research.   In  addition,  the  project  may  lead  to  cooperative 
ventures  and  continued  information  exchange  among  the 
participants. 

This  1988  effort  was  the  third  phase  of  the  Emerging  Technologies 
Project.  The  first  phase  was  conducted  in  1984  and  culminated  in 
a  meeting  in  Amsterdam,  Holland.   The  second  phase  was  conducted 
in  1986  with  a  meeting  in  Oxford,  England. 

Although  funded  by  the  American  Water  Works  Association  Research 
Foundation  (AWWARF) ,  the  project  depends  upon  the  generous 
assistance  of  the  correspondents  in  the  various  countries  who 
gathered  the  information  and  upon  those  who  prepared  the  actual 
project  reports.   Their  names  are  provided  in  the  "Attendees 
List"   which  follows  this  Introduction. 

AWWARF  wrote  to  potential  participants  in  the  Summer  of  1987, 
reguesting  their  cooperation.   Project  reports  were  solicited, 
written  and  collected  during  the  remainder  of  the  year.   This 
workbook  was  prepared  and  distributed  by  AWWARF  in  early  1988, 
prior  to  a  meeting  of  the  participants  in  Venice,  Italy,  May  4-5, 
1988.   Additional  materials  submitted  during  the  meeting  have 
been  added  to  this  volume,  along  with  the  necessary  revisions  in 
the  Table  of  Contents. 

HOW  THE  WORKBOOK  IS  ORGANIZED 

Project  reports  and  papers  are  grouped  by  country. 
The  countries  are  listed  alphabetically. 

Within  each  country,  the  reports  and/or  papers  are  given  a 
reference  number,  called  the  AWWARF  Code  number.   It  is  printed 
in  the  upper  right-hand  corner  of  the  first  page  of  each  report. 
The  reference  code  consists  of  the  country's  initials  and  a 

number. 

The  pages  in  each  country  section  are  also  numbered  for  easy 
reference,  with  the  country's  initials  preceding  the  page  number 
(for  example,  FR-10  means  page  10  of  the  French  Section) . 

Please  note  that  there  is  a  Table  of  Contents  following  this 
Introduction.  It  lists  the  title  of  each  report,  its  reference 
code  number  and  its  page  number. 


J 

GENERAL  CATEGORIZATION  OF  PROJECTS  I 

The  pages  following  the  Table  of  Contents  display  the  individual 
titles  of  the  reports  and  papers  submitted  by  each  country,  |i 

grouped  into  eleven  general  research  areas.   Please  note  that  the      ■ 
United  States  Section  includes  an  update  of  selected  AWWARF 
activities. 


NOTE  OF  THANKS 

AWWARF  extends  its  sincere  thanks  to  the  participants  in  this 
project.  Without  the  aid  of  correspondents  in  other  countries, 
this  workbook  and  the  project  itself  would  not  have  been 
possible. 
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It  is  important  to  note  that  this  body  of  information  is  a 
representative  sample  of  the  research  being  conducted  by  the 
participating  countries,  not  an  all-inclusive  collection.  fl 
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Very  special  gratitude  is  due  our  Italian  hosts,  FEDERGASACQUA, 
represented  by  Mr.  F.  Meucci,  Director  of  the  Rome  Water  M 

Department.   His  zealous  attention  to  detail  in  making 
arrangements  for  the  Emerging  Technologies  meeting  exemplifies 
the  best  traditions  of  Italian  hospitality  and  ensured  everyone 
an  enjoyable  meeting.   The  Venice  Water  Department  ASPIV  also 
provided  generous,  gracious  support  of  our  meeting  and  its 
Director,  Mr.  A.  Rosa  also  merits  our  heartfelt  thanks. 
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AWWA  RESEARCH  FOUNDATION 
REPORT  FOR  EMERGING  TECHNOLOGIES  PARTICIPANTS 

JUNE  1988 


The  Foundation's  centralized  research  program  for  the  water 
supply  industry  of  North  America  is  a  reality.  The  cooperative 
effort,  which  is  being  coordinated  through  the  three 
organizations  representing  water  utilities  in  the  U.S.  and  canada 
—  American  Water  Works  Association,  the  National  Association  of 
Water  Companies,  and  the  Association  of  Metropolitan  Water 
Agencies  — is  helping  the  water  utilities  meet  the  challenge 
of  the  future  and  solve  the  problems  of  today. 

Participation  in  the  program  was  strengthened  during  the  last 
twelve  month  period,  resulting  in  an  unprecedented  income  of  over 
3.4  million  (projected)  for  1988,  and  it  appears  that  even  this 
optimistic  project  will  be  surpassed.  Water  utilities  are 
finding  that  participation  is  not  only  a  responsibility  to  the 
industry  but  also  that  it  can  provide  a  beneficial  return  far 
exceeding  their  limited  investment. 

Research  Program 

Such  tremendous  strides  were  taken  in  the  funding  of  research 
during  the  past  year  that  it  is  difficult  to  put  it  into 
perspective.  For  instance,  the  amount  of  projects  funded 
during  the  past  twelve  months  came  to  $5.5  million  which 
nearly  equals  the  expenditures  of  the  previous  five  years 
combined.  The  30  projects  activated  since  June  of  1987, 
compared  to  an  average  of  17  per  year  in  the  past,  attest  to  the 
fact  that  it  was  a  banner  period  for  the  Foundation.  The 
following  generic  statistics  characterize  the  Foundation's 
research  agenda: 

.  The  implementation  of  the  '87/ '88   research  agenda 
increased  the  percentage  of  funding  devoted  to   "hard" 
research  from  89  percent  during  the  period  from  198  3  to 
1987  to  a  level  of  92  percent  for  the  period  through  June 
1988. 

.  Conversely,  the  technology  transfer  portion  of  the  agenda 
decreased  from  11  percent  last  year  to  8  percent  this  year 
even  though  approximately  $4  02,000  worth  of  projects  were 
added  in  the  last  added  in  the  last  twelve  months. 

.  Funding  for  unsolicited  proposals — five  of  which  were 
funded  this  past  year — maintained  a  level  of  15  percent 
of  available  research  money;  over  $550,000  has  been 
reserved  for  funding  original  research  ideas  in  June  of 
1988. 


.  Research  directed  at  water  treatment  processes  continued 
to  dominate  the  Foundation's  agenda  in  '87/' 88 — 16  new 
projects  were  approved  in  June  and  January  which,  when 
combined  with  previous  projects,  amounts  to  44  percent 
of  the  funding  available  and  4  0  percent  of  the  number  of 
projects  for  the  total  six  year  period  from  1983. 

.  Even  though  six  new  distribution  system  projects  were 
added  in  the  last  year,  the  percentage  devoted  to  this 
category  slipped  from  17  percent  to  13.6  percent  of  the 
available  funding  over  the  entire  period. 

.  Likewise,  the  monitoring/analysis  research  funding 

category  dropped  from  14  percent  to  11.6  percent,  despite 
the  fact  that  five  new  projects,  totalling  more  than  one- 
half  million  dollars,  were  started  in  the  last  year. 

.  On  the  other  hand,  the  percentage  of  the  Foundation's 
research  budget  devoted  to  general  regulatory  issues 
confronting  the  water  industry  increased  by  one  percent 
to  50  percent  of  the  six  year  available  funding — on 
1987/88  there  were  21  projects  and  over  $2.7  million 
categorized  as  regulatory  research  oriented. 

.  Finally,  a  new  health  effects  research  category  was  added 
to  the  Foundation's  agenda  in  the  1987/88  period  with 
$535,00  amounted  to  9.7  percent  of  the  '87/ '88  research 
budget  and  4.8  percent  of  the  budget  during  the  six  year 
period  of  review. 

From  1983  through  June  1988,  the  Foundation  funded  more  than  100 
research  projects.  Final  reports  have  been  published  on  more 
than  a  fourth  of  themr  another  fifteen  are  expected  to  be 
released  in  1988.  This  steadily  growing  catalog  of  research 
reports  and  practical  handbooks  offers  members  and  subscribers 
a  diverse  assortment  of  technical  reference.  Most  water 
utilities  will  find  that  at  least  some  of  their  problems  and 
concerns  have  been  addressed  by  the  Foundation's  program  and  that 
they  will  benefit  from  the  findings. 

Technology  Transfer 

The  Board  of  Trustees  elevated  the  Foundation's  technology 
transfer  function  with  the  appointment  of  a  Trustee  committee 
to  oversee  the  design  and  implementation  of  an  optimum  program. 
In  the  long  term,  this  effort  is  seen  to  be  critically  important 
in  the  retention  and  recruitment  of  participants  in  the  Research 
Subscription  Program  —  potential  and  existing  members  must 
realize  and  implement  the  practical  value  of  the  benefits  of  a 
centralized  research  program. 

The  Foundation  has  employed  the  following  means  of  effectively 
transferring  the  technology  from  the  research  arena  to  the 
operational  workplace: 
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The  Foundation's  first  video  report  on  research,  produced 
in  1987,  describes  five  projects  dealing  with 
Giardia  lamblia.   During  the  first  months  of  its 
availability,  there  were  more  than  1500  showings  of 
the  rent-free  videotape. 

The  Video  on  the  Research  Foundation ' s  programs  and 
activities   entitled,  "The  Water  Supply   Challenge  -  A 
Cooperative  Effort"  has  received  rave  reviews  from  the 
300+  viewers  that  have  seen  it  since  its  release  in 
January  1988. 

The  Foundation  has  staged  four  workshops  in  Philadelphia, 
Orlando,  Universal  City  and  Chicago  during  the  first  part 
of  1988  which  attracted  more  than  37  5  attendees;  84 
percent  of  the  attendees  rated  it  excellent  or  good  and 
more  than  two-thirds  said  the  information  they  received 
helped  them  solve  an  operational  problem. 

More  than  250  water  industry  personnel  attended  a  workshop 
on  research  results  co-sponsored   by  AWWARF  and  the  US 
Environmental  Protection  Agency. 

Subscribers  received  copies  of  the  executive  summaries  of 
each  completed  research  project.   Copies  of  the  final 
reports  are  available  on  reguest  to  all  subscribers  at  no 
charge. 

AWWARF' s  three  periodicals,  Water  Research  Quarterly, 
Research  News,  and  Executive  Report  on  Research,  kept 
subscribers  informed  of  research  developments  and 
Foundation  activities. 

The  Foundation's  first  "poster  session" — reporting  on  30 
research  projects — was  presented  at  the  1987  AWWA  Annual 
Conference.   A  similar  program  is  planned  for  1988. 

Through  technology  exchange  programs  with  foreign 
institutions,  the  Foundation  has  been  able  to  bring 
millions  of  dollars  worth  of  its  research  to  subscribers 
at  little  or  no  cost. 

AWWARF 's  fourth  international  Symposium  on  water  reuse 
attracted  more  than  300  professionals  to  Denver  in  August, 
1987.   In  a  related  matter  it  was  decided  to  discontinue 
the  Water  Reuse  News  publication  because  of  the  general 
lack  of  interest. 


.  During  the  past  11  months,  5652  of  the  Foundation's  3  0 
publications  have  been  purchased;  these  publications  are 
marketed  and  distributed  through  AWWA. 

Over  the  past  year,  the  Foundation  has  extended  and  improved  its 
cooperation  with  other  organizations.    The  primary  purpose  of 


this  has  been  to  establish  contacts  within  the  research 
community,  avoid  duplicative  effort,  develop  collaborative 
programs,  and  enhance  the  recognition  and  credibility  of,  the 
Foundation.  The  Foundation  has  had  a  long-standing  relationship 
with  EPA  and  the  water  research  organizations  in  Holland, 
Germany,  France,  and  England.  The  Gas  Research  Institute, 
Electric  Power  Research  Institute,  American  Gas  Association, 
American  Public  Works  Association,  and  WPCF  are  cooperating  in 
the  production  of  the  infrastructure  workshop.  The  Foundation's 
sponsorship  of  the  Emerging  Technology  workshop  series  and  its 
participation  in  IWSA  has  enhanced  the  Foundation's 
international  reputation. 

Subscription  Program 

1988  began  with  almost  250  subscribing  utilities  providing  nearly 
$3,000,000  to  the  research  program.  Another  100  utilities 
pledged  to  subscribe  this  year.  By  the  end  of  the  year,  AWWARF 
hopes  to  have  more  than  400  Utility  subscriptions  worth  more  than 
$4,000,000.  In  addition,  the  Foundation  has  about  4000  dues- 
paying  members,  all  industry  organizations  and  companies,  paying 
about  $400,000  annually.  The  following  graph  shows  the  actual 
and  projected  income  for  '87  and  '88. 
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Doubling  the  research  program  in  one  year  as  was  done  in  the  last 
twelve  months,  doubles  the  potential  return  for  every  utility 
subscriber,  with  no  increase  in  the  individual  utility's  annual 
payment.    Cooperative  research  pays  dividends! 

Since  last  June,  the  Foundation  has  finalized  both  its  Five  Year 
Research  Plan  and  Corporate  Plan.  The  research  plan  defines  the 
Foundation's  research  direction  and  emphasis  on  a  five  year 
planning  horizon.  The  Corporate  Plan  attempts  to  project  the 
business  development  of  the  organization.  Both  plans  will  be 
revised  in  1990. 
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Summary 

During  the  past  twelve  months  the  Research  Foundation  has 
advanced  along  all  major  programmatic  fronts — Subscriptions  have 
increased,  technology  transfer  activities  have  been  enhanced, 
research  projects  have  improved  in  both  scope  and  number,  and 
membership  services  have  escalated.  The  past  year  brought  an 
unprecedented  amount  of  growth  in  terms  of  income  to  the 
Research  Foundation  and  the  organization  responded  in  a  very 
positive  manner.  The  Foundation  demonstrated  conclusively  that 
operational  systems  are  in  place  to  efficiently  implement  a  major 
research  program. 


TABLE  OF  CONTENTS 


TABLE  OF  CONTENTS 

PAGE 


INTRODUCTION 

AUSTRALIA 


AU-Ol    Removal  of  Natural  Organic  Material  by  Biological 

Processes  Enhanced  by  Pre-Ozonation AU-1 

AU-02   Organic  Carbon  in  Water,  Its  Sources  and  Role  in 

Nutrient  Transport AU-7 

AU-03    The  Removal  of  Trihalomethanes  From  Water  Supplies 

by  Adsorption  on  a  Synthetic  Resin  Material AU-13 

AU-04   The  Removal  of  Natural  Organic  Material  by  Magnetic 

Based  Resi ns AU-17 

AU-05    A  Study  of  Trophic  Interactions  Between  Protozoa 

and  Al  gae AU-19 

AU-06         Development  and   Application   of  Methods   for  Detecting 

Enteric  Protozoa  in  Water AU-21 

AU-07         A  Study  of  the  Ecology  of  Amoebae  in  Water  Sources 

and  Supplies AU-23 

AU-08         Control    of  Amoebae  in  Water  Supplies  and  Swimming 

Pool  s AU-25 

AU-09    A  Study  of  the  Contribution  of  Protozoa  to  Aesthetic 

Problems  in  Water  Quality AU-27 


BELGIUM 


BE-01         Optimization  of  Continuous  Generation  of  Activated 

Silica B  E  - 1 

8E-02         Development  of  an   Instrumental    Method   for  Direct 

Determination  of  Dissolved   Nitrogen BE-3 

8E-03        Comparative  Study  of  Activated   Nitrification  in  a 

Fluidised   Bed  and  Expanded   Bed   Reactor BE-21 

3E-04         Biological    Denitrification  of  Drinking  Water  by 
Means  of  Hydrogen-Oxidizing  Bacteria   in  a 
Polyurethane  Carrier  Reactor BE-35 

BE-05         Feasibility  of  the  Removal    of  Chlorite   Ion 

With  Activated  Carbon BE-51 

i 


BE-06        Optimization  of  Removal   of  Radioactive   Isotopes 

in  Upflow  Sludge  Blanket  Clarifiers BE-69 

BE-07         Polyurethane  Prefilters  to   Improve  Slow  Sand 

Filters BE-71 


CANADA 


I 
I 
I 
I 
I 

1 
I 
1 
I 

Magnetometer  Surveys  for  Groundwater  Exploration. —  CA-19         ,| 

I 
I 

1 
I 
I 
I 


CA-01         Optimization  of  Continuous  Generation  of 

Activated   Silica CA-1 

CA-02        Comparision  of  Alternative  Treatment  Processes 

for  Northern  Ontario  Waters CA-7 

CA-03        Development  of  an  Optimum  System  for  the 

Application  and  Regulation  of  Powdered  Activated 

Carbon  in  Water  Treatment  Plants CA-11 

CA-04        De-Aeration  of  Oxygen  Super  Saturated  Raw  Water CA-15 

CA-05        Elevation  of  Treated  Water  pH  by  Air  Stripping CA-15 

CA-06         Combined  Use  of  Powdered  Activated  Carbon  and 

Granular  Activated   Carbon  Taste  and  Odor  Removal....     CA-17 

CA-07 


CA-08    Hydrocarbon  Leak  Detection  Using  Radon CA-21 

CA-09    Pilot  Plant  Assessment  of  Coagulation  and  Filtration 
Strategies  for  Treatment  of  Cold,  Low  Turbidity 
Waters CA-23 

CA-10    Continuous  Monitoring  System  for  Toxic  Spills  in 

Raw  Water  Supply CA-33 

CA-11    Investigation  of  Indicator  Bacteria  in  the  City  of 

Calgary  Water  Distribution  System CA-35 

CA-12    Evaluatin  of  Coliphage  Virus  Enumeration  as  a 

Surrogate  Indicator  of  Human  Enteric  Viruses  in 

Alberta  Surface  Waters  and  Treated  Drinking  Waters..  CA-37 

CA-13    Incidence  of  Legionella  ,  Aer  onion  as  and  Campylobacter 

in  Municipal  Source  and  Treated  Drinking  Water CA-39 

CA-14    Artificial  Recharge  of  Treated  River  Water CA-41 

CA-15 


Drinking  Water CA-45 


Process  Optimization  for  Biological  Treatment  of  >] 

Drinkina  Water CA-4!  ■ 

I 
I 


CA-16    Evaluation  of  Alternative  Drinking  Water  Treatment 
Processes  at  Pilot  Scale  by  Means  of  Mutagenicity 
Test  i  ng CA-47 

ii 


CA-17 
CA-18 

CA-19 

FRANCE 

FR-01 

FR-02 

FR-03 

FR-04 

FR-05 

FR-06 

FR-07 

FR-08 


FR- 

•09 

FR- 

■10 

FR- 

•11 

FR- 

•12 

ITALY 

:t 

-01 

IT- 

-02 

Water  Plant  Optimization  Study CA-49 

A  Study  Using  Computer  Software  to  Model  the 

Performance  of  Carbon  Adsorbers  in  a  Large 

Canadian  Drinking  Water  Treatment  Plant CA-59 

Computer  Modelling  of  Adsorption  of  Mutagens  on 

XAD-2 CA-61 

Application  of  the  Combined  Ozone/Hydrogen 

Peroxide  for  the  Removal   of  Organics FR-1 

Improvements  of  the  Disinfection  by  Ozone: 

Influence  of  Oxidant  Species FR-17 

New  Medium  Frequency  Ozone  Generators  Supplied 

by  Oxygen FR-19 

Combined  Ozonation  and  Flotation,  Application 

to  the  Treatment  of  Highly  Algae-Loaded  Water FR-23 

Aerated   Nitrifying  Filters:     Extending  the  Limits 

of  Biological    Ammonia  Removal FR-37 

Study  of  Biofilm  Build-up   in   Potable  Water 

Distribution  Systems FR-39 

Implementation  of  a  Test   Protocol    for  Polyethylene 

Pipes  Used   in  Drinking  Water  Distribution  Systems...     FR-49 

Use  of  Micronucleus  Tests  on  Newt  Larvas  for  the 

Detection  of  Mutagenic  Substances FR-67 

Application  of  Data  Processing  to  Remote  Control 

of  Potable  Waterworks  and  Dependent   Networks FR-73 

Development  of  Tasting  Assistance  Automations   for 

the  "Up  and   Down"   Testing  Procedures FR-79 

Expert  System  to  Control    the  Treatment  Process 

in   Order  to  Avoid   Taste  and   Odor   Problems FR-81 

Immunology   in  Fast  Automated  Water  Analysis FR-83 

Utilization  of  Special   Steels  for  the  E.U.R. 

Raising  Water  Reservoir..... IT-1 

Tests  Carried  Out  at  the  Waste-Waters  Treatment 

Plants  of  Roma-Ostia  to   Improve  Treatment 

Processes IT-5 


1T-03         New  Integrated  Process   (Bacteria-Biocatalyst) 

Adapted  to  Pre-Exi stent  Biological    Plants IT-9 

IT-04        Process  for  the  Clarification  of  Water IT-13 

IT-05        Apparatus   for  Biological   Monitoring  With 

Automatic  Alarm  Signalling IT-15 

IT-06         Level   and  Flow  Syphon  Device  in  A  Sand     • 

Filtration  Plant IT-23 

JAPAN 

JP-01         Studies  on  Biological   Activated  Carbon  Filter 

Processes JP-1 

JP-02        Reduction  of  THM  and  Musty  Odor  by  Ozonation  and 

Granular  Activated  Carbon  Treatment  With  Pilot  Plant 

and  Demonstration  Plant JP-3 

JP-Q3         Formaldehyde  as  a  Key  Index  During  Ozone  Treatment-- 
Investigation  on  the  Behaviro  of  Formaldehyde  and 
the  Precursor  During  Ozonation JP-5 

JP-04  Detection  and  Evaluation  of  the  DNA  Damaging 
Potential  of  Mutagens  in  the  Chlorinated  and 
Ozonated  Waters  by  The  Bacillus  Subtil  is  Rec-assay..     JP-7 

JP-05         Treatment  Study  of  the  Yodo  River  Water  Using 

Submerged  Bioreactor  Combined  With  GAC  Filtration 

and  Ozonati on JP-9 

JP-06         Biotreatment  of  Lake  Water JP-11 

JP-07         Purification  of  Polluted  Water  Resource  for 

Supplying   Industrial    Process  Water  by  Biological 

and  Photo-Chemical    Treatment JP-13 

JP-08         Practical   Application  of  A.I.   in  Optimum  Water 

Supply  System JP-15 

THE   NETHERLANDS 

NE-01         Ultraviolet   (UV)   Disinfection  of  Drinking  Water NE-1 

NE-02         Removal   of  Nitrate  by  Slow  Sulphur/Limestone 

Filtration NE-3 

NE-03         Experiences  With   UV-Disinfection  of  Drinking  Water 

in  the  Netherlands NE-11 


TV 


SCANDINAVIA   ( 

SC- 

•01 

SC- 

■02 

sc- 

-03 

sc 

-04 

SC-05 

(SWEDEN) 
SC-06 

SOUTH  AFRICA 
SA-01 

SA-02 

SA-03 

SA-04 


SPAIN 


SP-01 


SWITZERLAND 


SW-01 


SW-02 


NORWAY) 

Water  Treatment  for  Combined  Humics  Removal    and 

Corrosion  Control SC-1 

Water  Treatment   for  Corrosion  Control   Using 

Calcium  Carbonate  Slurry  and  Carbon  Dioxide SC-3 

Humic  Substance  Removal   by  Direct  Filtration SC-5 

Rapid  Detection  of  Col i form  and  Heterotrophic 

Bacteria  Using  Fluorogenic  Substrates SC-7 

An   Interactive,  Graphic   Information  System  to 

Handle  All    Information  on  Water  and   Sewage 

Distribution  Systems   (LEKA) SC-9 

Underground  Denitrification  NITREDOX •     SC-11 

The  Dewatering  of  Sludges  Using  a  Tubular  Filter 

Press SA-1 

Development  of  a  Portable  Toxicity  Detector  for 

Water SA-7 

User  Friendly  Computer  Program  for  Water  Softening 

and  Stabilization SA-9 

The  Application  of  Tubular  Reverse  Osmosis  With 

Limited  Pretreatment  for  Reclaiming  Secondary 

Purified  Sewage SA-11 

Development  of  Adapted  Biological  Waste  Water 
Treatment  Processes  Under  Mediterranean  Envir- 
onmental Conditions SP-1 

Pretreatment  of  River  Water  for  Groundwater  Recharge 

by  Horizontal  Roughing  Filtration  and  Vertical 

Sand  Filtration SW-1 

Residual  Polyacrylic  Polymers  in  Direct  Filtration..  SW-3 

Smaller  Mobile  and  Autonomous  Water  Treatment  and 
Packaging  Unit  (400C) SW-5 


I 
I 
I 
I 
I 
I 
I 
I 
I 

Development  of  Rapid  Small  Scale  Adsorption  Tests...  US-9  | 

1 
I 
I 
I 
I 
I 
I 
I 
I 


SW-04        Low  Maintenance  Submersion  Dissolved  Oxygen  Sensor 

With  Self-Cleaning  Electrodes SW-9 

SW-05        Project  "Aqua  Pura"  Facility  for  Packing  and 

Dispatch  of  Emergency  Water  in  Zurich SW-15 

SW-06        The  Layered  Upflow  Carbon  Adsorption   (LUCA)   for  the 

Removal   of  Trace  Organic  Contaminants SW-19 

UNITED  KINGDOM 

UK-01        An  Automatic   Instrument  to  Measure  Discoloration....     UK-1 

UK-02        Water  Works  Sludge  Treatment UK-7 

UNITED  STATES 

US-01         Rapid  Detection  Method  for  Coliform  Bacteria  and 

Escherichia  col  i    in  Drinking  Water US-1 

US-02         Polymeric   Inorganic  Coagulants US-5 

US-03         Production  and  Use  of  Polymerized  Aluminum  Species 

From  Al  urn US-7 

US-04 

US-05        Trihalomethane  Reduction  by  Enhanced  Floe-Blanket 

CI  ar  i  f  i  cat  ion US- 1 1 

US-06         Flotation  Studies  of  Low  Turbidity  Waters 

Containing  Humic  Substances  and  Algae US-13 

US-07         VOC  Destruction  by  Ozone/Hydrogen  Peroxide 

Process US-15 

US-08        The  Use  of  Membrane  Technology  for  the  Rejection 

of  THM  Precursors   and   SOCs US-23 

US-09        Use  of  Powdered  Activated  Carbon  for  Trace 

Organics  Control US-25 

US-10         Cascade  Air  Stripping  System  for  Removal    of 

Semi-Volatile  Organic  Contaminants US-29 

US-1 1         Evaluate  and  Modify  Assimilable  Organic  Carbon 

Test US-33 

US-12         Disinfectant  Residual    Measurement   Methods.. US-35 

US-13         Disinfection  of  Bacterial    Biofilms US-37 

US-14         Predicting  Water  Quality  in  Distribution  Systems US-39 


US-15    Development  of  an  Internal  Corrosivity  Protocol 

for  Water  Distribution  Systems US-73 

US-16  .  Radon  in  Well  Supplies:  Occurrence  and  Removal US-101 

US-17    A  Study  of  Possible  Economical  Ways  of  Removing 

Radium  From  Drinking  Water US-103 

US-18    Study  of  Residuals  Management  at  Water  Treatment 

PI  ant  s US-105 

US-19    Selective  Removal  of  Radium  From  Drinking  Water US-107 

US-20   Radon  Removal  Technique  for  Community  Water 

Suppl  ies US-109 

US-21    Jar-Filter  Coagulant  Test US-Ill 

US-22    Rapid  Rate  Filtration  of  Low  Turbidity  Waters US-113 

US-23    Design  and  Operation  Guidelines  for  the 

Optimization  of  the  High  Rate  Filtration  Process US-115 

US-24    Biological  Denitrification  of  Groundwater US-117 

US-25    Use  of  Membrane  Technology  to  Remove  Organics 

From  Smal  1 '  Systems '  US-121 

US-26    Update  on  Selected  AWWARF  Activities US-123 

USSR 

USSR-01  Water  Quality  of  Moscow  Water  Supply  Sources  in 

Prognostications USSR-1 

USSR-02  Artificial  Underground  Water  Fill  Up  Using  Direct 

Fi  1  trati on USSR-9 

USSR-03  Artificial  Underground  Water  Fill  Up  Using  Side 

Filtration USSR-11 

USSR-04  Artificial  Underground  Water  Fill  Up  Using  Well 

Fi  1  tration USSR-13 

USSR-05  Dry  Beam  Water  Intake USSR-15 

USSR-06  Well  Restoration  Complex USSR-17 

USSR-07  Mobile  Chi orf nation  Unit USSR-19 

WEST  GERMANY 

WG-01    Combined  Hardness  and  Sulphate/Nitrate 

Removal  by  the  CARIX  Ion  Exchange  Process WG-1 

vii 


WG-02    Biological  Denitrification  Followed  by  Aerobic 

Underground  Post  Treatment WG-21 

WG-03   Automated  Measurement  of  the  Regrowth  Potential 

in  Raw  Water,  Treated  Water  and  Drinking  Water WG-25 

WG-04    Remediation  of  Contaminated  Sites  by 

Biodegradation WG-59 

WG-05   Preparation  of  Ca  (OH)-  Solution  for  Water 

Sof  teni  ng WG-73 


WG-06 


I 
I 
I 
I 
I 


Biological    Denitrification  Process  With  Hydrogen-  n 

Oxidizing  Bacteria  for  Drinking  Water  Treatment WG-81  * 

I 
I 

I 
I 

1 
I 
I 
I 
I 
I 
I 
I 

v  1 1 1  ■ 


TABLE  OF  CONTENTS  (By  Subject) 
CONTROL  AND  REMOVAL  OF  ORGANICS 

AUSTRALIA 

Organic  Carbon  in  Water,  Its  Sources  and  Role  in  Nutrient 

Transport AU-7 

The  Removal  of  Trihalomethanes  From  Water  Supplies  by 

Adsorption  on  a  Synthetic  Resin  Material AU-13 

The  Removal  of  Natural  Organic  Material  by  Magnetic  Based 

Resins AU-17 

:anada 

Removal  of  Trace  Organic  Contaminants  From  Drinking  Water CA-1 

Development  of  an  Optimum  System  for  the  Application  and 

Regulation  of  Powdered  Activated  Carbon  in  Water  Treatment 

PI  ants CA-11 

Combined  Use  of  Powdered  Activated  Carbon  and  Granular 

Activated  Carbon  Taste  and  Odor  Removal CA-1 7 

A  Study  Using  Computer  Software  to  Model  the  Performance 

of  Carbon  Adsorbers  in  a  Large  Canadian  Drinking  Water 

PI  ant CA-59 

Computer  Modelling  of  Adsorption  of  Mutagens  on  XAD-2 CA-61 

FRANCE 

Expert  System  to  Control   the  Treatment  Process   in  Order  to 

Avoid  Taste  and  Odor  Problems FR-81 


JAPAN 

Studies  on  Biological  Activated  Carbon  Filter  Processes JP-l 

Reduction  of  THM  and  Musty  Odor  by  Ozonation  and  Granular 

Activated  Carbon  Treatment  With  Pilot  Plant  and  Demonstration 

Plant jp_3 


ix 


SCANDINAVIA  (NORWAY) 

Humic  Substance  Removal  by  Direct  Filtration SC-5 

SWITZERLAND 

The  Layered  Upflow  Carbon  Adsorption  (LUCA)  for  the  Removal 

of  Trace  Organic  Contaminants SW-19 

UNITED  STATES 

Development  of  Rapid  Small  Scale  Adsorption  Tests US-9 

Trihalomethane  Reduction  by  Enhanced  Floe-Blanket 

Clarification US-11 

VOC  Destruction  by  Ozone/Hydrogen  Peroxide  Process US- 15 

The  Use  of  Membrane  Technology  for  the  Rejection  of  THM 

Precursors  and  SOCs US-23 

Use  of  Powdered  Activated  Carbon  for  Trace  Organics  Control US-25 

Cascade  Air  Stripping  System  for  Removal  of  Semi -Volatile 

Organic  Contaminants US-29 

Use  of  Membrane  Technology  to  Remove  Organics  From  Small 

Systems US-121 

MONITORING  AND  ANALYSIS 

AUSTRALIA 

A  Study  of  Trophic  Interactions  Between  Protozoa  and  Algae AU-19 

Development  and  Application  of  Methods  for  Detecting  Enteric 

Protozoa  in  Water AU-21 

A  Study  of  the  Ecology  of  Amoebae  in  Water  Sources  and 

Supplies AU-23 

BELGIUM 

Development  of  an  Instrumental  Method  for  Direct 

Determination  of  Dissolved  Nitrogen BE-3 


I 
I 


CANADA 


Magnetometer  Surveys  for  Groundwater  Exploration CA-19 

Hydrocarbon  Leak  Detection  Using  Radon CA-21 

Continuous  Monitoring  System  for  Toxic  Spells  in 

Raw  Water  Supply CA-33 

Evaluation  of  Col i phage  Virus  Enumeration  as  a  Surrogate 

Indicator  of  Human  Enteric  Viruses  in  Alberta  Surface 

Waters  and  Treated  Drinking  Water CA-37 

Evaluation  of  Alternative  Drinking  Water  Treatment  Pro- 
cesses at  Pilot  Scale  by  Means  of  Mutagenicity  Testing CA-47 

FRANCE 

Use  of  Micronucleus  Tests  on  Newt  Larvas  for  the  Detection 

of  Mutagenic  Substances FR-67 

Development  of  Tasting  Assistance  Automations  for  the 

"Up  and  Down"  Testing  Procedures FR-79 

Immunology  in  Fast  Automated  Water  Analysis FR-83 

ITALY 


Apparatus  for  Biological  Monitoring  With  Automatic  Alarm 

Signal  1  ing IT-15 


JAPAN 

Practical  Application  of  A.I.  in  Optimum  Water  Supply  System....  JP-15 

SCANDINAVIA  (NORWAY) 

Rapid  Detection  of  Coliform  and  Heterotrophic  Bacteria 

Using  Fluorogenic  Substrates.... SC-7 

SOUTH  AFRICA 

Development  of  a  Portable  Toxicity  Detector  for  Water SA-7 


XI 


SWITZERLAND 

Low  Maintenance  Submersion  Dissolved  Oxygen  Sensor  With 

Sel f-CI eaning  El ectrodes SW-9 


UNITED  KINGDOM 

An  Automatic  Instrument  to  Measure  Discoloration UK-1 

UNITED  STATES 

Rapid  Detection  Method  for  Col i form  Bacteria  and  Escherichia 

col  i  in  Drinking  Water US-1 

Evaluate  and  Modify  Assimilable  Organic  Carbon  Test US-33 

Disinfectant  Residual  Measurement  Methods US-35 

WEST  GERMANY 

Automated  Measurement  of  the  Regrowth  Potential  in  Raw  Water, 

Treated  Water  and  Drinking  Water WG-25 

OZONATION 

JAPAN 

Formaldehyde  as  a  Key  During  Ozone  Treatment  -  Investigation 

on  the  Behavior  of  Formaldehyde  and  the  Precursor  During 

Ozonation JP-5 

FRANCE 

Application  of  the  Combined  Ozone/Hydrogen  Peroxide  for 

the  Removal  of  Organics FR-1 

Improvements  of  the  Disinfection  by  Ozone:  Influence  of 

Oxidant  Species FR-17 

New  Medium  Frequency  Ozone  Generators  Supplied  by  Oxygen FR-19 

Combined  Ozonation  and  Flotation,  Application  to  the 

Treatment  of  Highly  Algae-Loaded  Water FR-23 


XI  i 


COAGULATIQN/FLOCCULATION/SEDIMENTATION/FILTRATION 
BELGIUM 

Polyurethane  Prefilters  to  Improve  Slow  Sand  Filters BE-71 

CANADA 

Pilot  Plant  Assessment  of  Coagulation  and  Filtration 

Strategies  for  Treatment  of  Cold,  Low  Turbidity  Waters CA-23 

ITALY 

Process  for  the  Clarification  of  Water iT-13 

Level   and  Flow  Syphon  Device  in  a  Sand  Filtration  Plant IT-23 

SWITZERLAND 

Residual  Polyacrylic  Polymers  in  Direct  Filtration SW-3 

Smaller  Mobile  and  Autonomous  Water  Treatment  and 

Packaging  Unit  (400C) SW-5 

UNITED  STATES 

Polymeric  Inorganic  Coagulants US-5 

Production  and  Use  of  Polymerized  Aluminum  Species  From 

Alum US-7 

Jar-Filter  Coagulant  Test US-Ill 

Rapid  Rate  Filtration  of  Low  Turbidity  Waters US-113 

Design  and  Operation  Guidelines  for  the  Optimization  of 

the  High  Rate  Filtration  Process US-115 

CORROSION/DISTRIBUTION  SYSTEM  OPERATION  AND  MAINTENANCE 

CANADA 

Elevation  of  Treated  Water  pH  by  Air  Stripping CA-15 

FRANCE 

Study  of  Biofilm  Build-up  in  Potable  Water  Distribution 

Systems FR-39 

xiii 


SPAIN 


Development  of  Adapted  Biological  Waste  Water  Treatment 

Processes  Under  Mediterranean  Environmental  Conditions SP-1 


UNITED  STATES 

Biological    Denitrification  of  Groundwater US-117 

WEST  GERMANY 

Biological   Denitrification  Followed  by  Aerobic  Underground 

Post  Treatment WG-21 

Remediation  of  Contaminated  Sites  by  Biodegradation WG-59 

Biological   Denitrification  Process  With  Hydrogen-Oxidizing WG-81 

DISINFECTION  AND  MICROBIOLOGY 

AUSTRALIA 

» 

Control   of  Amoebae  in  Water  Supplies  and  Swimming  Pools AU-25 

A  Study  of  the  Contribution  of  Protozoa  to  Aesthetic  Problems 

in  Water  Quality AU-27 

By-Products  of  Disinfection AU-29 

Algal    Toxins AU-33 

Effects  of  Pesticide  Usage  on  the  Water  Quality  and  Aquatic 

Bi  ota AU-35 


CANADA 


Municipal    Source  and  Treated   Drinking  Water CA-39 

JAPAN 

Detection  and  Evaluation  of  the  DNA  Damaging  Potential  of 

Mutagens  in  the  Chlorinated  and  Ozonated  Waters  by  the 

Bacillus  Subtilis  Rec-assay Jp-7 


I 
I 
I 


I 
I 
I 


Investigation  of  Indicator  Bacteria  in  the  City  of  Calgary  I 

Water  Distribution  System CA-35 

Incidence  of  Legionella,  Aeromonas  and  Campylobacter  in  S 

Municioal  Soun      "Feat"<      "ina  Wai  r r.A-io         ■ 

I 
I 
I 


xvi 


BELGIUM 


Comparative  Study  of  Activated  Nitrification  in  a  Fluidised 

Bed  and  Expanded  Bed  Reactor BE-21 

Biological    Denitrification  of  Drinking  Water  by  Means 

of  Hydrogen-Oxidizing  Bacteria  in  a  Polyurethane  Carrier 

Reactor 3E-35 


CANADA 


Process  Optimization  for  Biological    Treatment  of  Drinking 

Water CA-45 


FRANCE 


Aerated  Nitrifying  Filters:     Extending  the  Limits  of 

Biological   Ammonia  Removal FR-37 


ITALY 


New  Integrated  Process   (Bacteria-Biocatalyst)   Adapted  to 
Pre-Existent  Biological   Plants IT-9 


JAPAN 


Treatment  Study  of  the  Yodo  River  Water  Using  Submerged 

Bioreactor  Combined  With  GAC  Filtration  and  Ozonation JP-9 

Biotreatment  of  Lake  Water JP-11 

Purification  of  Polluted  Water  Resource  for  Supplying 

Industrial    Process  Water  by  Biological   and  Photochemical 

Treatment JP-13 


THE   NETHERLANDS 

Removal   of  Nitrate  by  Slow  Sulphur/Limestone  Filtration NE-3 

SCANDINAVIA   (SWEDEN) 

Underground   Denitrification   NITREDOX SC-11 


xv 


SPAIN 


Development  of  Adapted  Biological  Waste  Water  Treatment 


UNITED  STATES 

Biological   Denitrification  of  Groundwater US-117 

WEST  GERMANY 


DISINFECTION  AND  MICROBIOLOGY 

AUSTRALIA 


A  Study  of  the  Contribution  of  Protozoa  to  Aesthetic  Problems 

in  Water  Quality AU-27 


By-Products  of  Disinfection AU-29 

Al  gal  Tox i ns AU-33 

Effects  of  Pesticide  Usage  on  the  Water  Quality  and  Aquatic 

Bi  ota AU-35 


CANADA 


Investigation  of  Indicator  Bacteria  in  the  City  of  Calgary 

Water  Distribution  System CA-35 

Incidence  of  Legionel la,  Aeromonas  and  Campylobacter  in 

Municipal  Source  and  Treated  Drinking  Water CA-39 


JAPAN 


Detection  and  Evaluation  of  the  DNA  Damaging  Potential  of 

Mutagens  in  the  Chlorinated  and  Ozonated  Waters  by  the 

Bacill  us  Subtil  is  Rec-assay JP-7 


xvi 


I 
I 


ucvc  i  uyiiieiiL  ui  MUdpueu  Diuiuyicdi  wdbue  water  i  reatment  , 

Processes  Under  Mediterranean  Environmental  Conditions SP-1         (\ 

I 

I 

Biological   Denitrification  Followed  by  Aerobic  Underground  |j 

Post  Treatment WG-21 

Remediation  of  Contaminated  Sites  by  Biodegradation WG-59  ,3 

Biological   Denitrification  Process  With  Hydrogen-Oxidizing WG-81 

I 

I 

Control   of  Amoebae  in  Water  Supplies   and   Swimming  Pools •  AU-25  j] 

I 
I 
I 
I 

I 

I 
I 
I 
I 


I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 


THE   NETHERLANDS 

Ultraviolet   (UV)   Disinfection  of  Drinking  Water NE-1 

Experience  With  UV-Disinfection  of  Drinking  Water  in  the  NE-11 

Netherlands 

UNITED  STATES 


&  Disinfection  of  Bacterial   Biofilms US-37 

I 
I 
I 
I 
I 
I 


USSR 

Mob;ie  Chlorination  Unit USSR-19 

DESALTING  AND  REUSE 

CANADA 

Artificial   Recharge  of  Treated  River  Water CA-41 

SOUTH  AFRICA 

The  Application  of  Tubular  Reverse  Osmosis  With  Limited 

Pretreatment  for  Reclaiming  Secondary  Purified  Sewage SA-11 


USSR 


|        Artificial  Underground  Water  Fill  Up  Using  Direct  Filtration USSR-9 

Artificial  Underground  Water  Fill  Up  Using  Side  Filtration USSR-11 

Artificial  Underground  Water  Fill  Up  Using  Well  Filtration USSR- 13 


WATER  PLANT  RESIDUAL  MANAGEMENT 

SOUTH  AFRICA 

The  Dewatering  of  Sludges  Using  a  Tubular  Filter  Press SA-1 

UNITED  KINGDOM 

Water  Works  Sludge  Treatment UK-7 

UNITED  STATES 

Study  of  Residuals  Management  at  Water  Treatment  Plants US-105 

xv  ii 


RADIONUCLIDES 

BELGIUM 

Optimization  of  Removal   of  Radioactive  Isotopes  in  Upflow 

Sludge  Blanket  Clarifiers BE-69 

UNITED  STATES 

Radon  in  Well  Supplies:  Occurrence  and  Removal US-1Q1 

A  Study  of  Possible  Economical  Ways  of  Removing  Radium 

From  Drinking  Water US-103 

Selective  Removal  of  Radium  From  Drinking  US-107 

Radon  Removal  Techniques  for  Community  Water  Supplies US-109 

SELECTED  TREATMENT  PROBLEMS  AND  OTHER  RESEARCH  ACTIVITIES 

AUSTRALIA 

Odours  in  Water AU-23 

BELGIUM 

Optimization  of  Continuous  Generation  of  Activated  Silica BE-i 

Feasibility  of  the  Removal  of  Chlorite  Ion  With  Activated 

Carbon BE-51 

CANADA 

Comparison  of  Alternative  Treatment  Processes  for  Northern 

Ontari  o  Waters CA-7 

De-Aeration  of  Oxygen  Super  Saturated  Raw  Water CA-13 

USSR 

Water  Quality  of  Moscow  Water  Supply  Sources  in  Prognostica- 
tions    USSR- 1 

Dry  Beam  Water  Intake USSR-15 

Well  Restoration  Complex USSR-17 


xvi  n 


WATER  PLANT  OPTIMIZATION  STUDY 

CANADA 

Water  PI  ant  Optimi zati  on  Study  CA-49 

ITALY 

Tests  Carried  Out  at  the  Waste-Waters  Treatment  Plant 

of  Roma-Ostia  to  Improve  Treatment  Processes  IT-5 

SWITZERLAND 

Pretreatment  of  River  Water  for  Groundwater  Recharge 

by  Horizontal  Roughing  Filtration  and  Vertical  Sand 

Fi  1  tration  SW-1 

Project  "Aqua  Pura"  Facility  for  Packing  and  Dispatch 

of  Emergency  Water  in  Zurich   SW-15 

UNITED  STATES 

Flotation  Studies  of  Low  Turbidity  Waters  Containing 

Humic  Substances  and  Algae  US-13 

Update  on  Selected  AWWARF  Activities   US-123 

WEST  GERMANY 

Combined  Hardness  and  Sulphate/Nitrate  Removal  by  the 

CARIX  Ion  Exchange  Process WG-1 


xix 


AUSTRALIA 


AUSTRALIA 


Code  #  Project  Title  Page  I 

AU-01         Removal    of  Natural   Organic  Material   by  Biological  AU-1 

Processes  Enhanced  by  Pre-Ozonation 

AU-02        Organic  Carbon   in  Water,   Its  Sources  and  Role  in  AU-7 

Nutrient  Transport 

AU-03         The  Removal    of  Trihalomethanes  From  Water  Supplies  AU-13 

by  Adsorption  on  a  Synthetic  Resin  Material 

AU-04        The  Removal   of  Natural   Organic  Material    by  Magnetic  AU-17 

Based  Resins 

All-05        A  Study  of  Trophic   Interactions  Between  Protozoa  and  AU-19 

Algae 

AU-06         Development  and  Application  of  Methods   for  Detecting  AU-21 

Enteric  Protozoa  in  Water 

AU-07         A  Study  of  the  Ecology  of  Amoebae   in  Water  Sources  AU-23 

and  Supplies 

AU-08         Control   of  Amoebae   in  Water  Supplies   and   Swimming  AU-25 

Pool  s 

AU-09         A  Study  of  the  Contribution  of  Protozoa  to  Aesthetic  AU-27 

Problems  in  Water  Quality 


EMERGING  HATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:  AU-01 


Please  send  reports  to: 

Mr.  John  B.  Mannion 
AWWA  Research  Foundation 
6666  West  Quincy  Avenue 
Denver,  CO  80235 


Project  Title: 


REMOVAL  OF  NATURAL  ORGANIC  MATERIAL  BY  BIOLOGICAL  PROCESSES 
ENHANCED  BY  PRE-OZONATION 


Contact  (name  of  person,  organization,  address,  telephone): 

MR  DON  BURS ILL 

AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND  WATER  QUALITY  RESEARCH 

PRIVATE  MAIL  BAG 

SALISBURY   SOUTH  AUSTRALIA   5108 

TEL:  (08)  259  0236 


Pr°Ject  Description  (Please  attach  a  schematic  diagram  if  appropriate) 


This  project  aims  to  identify  mechanisms  for  reducing  high  leveLs 
of  natural  organics  prior  to  subsequent  water  treatment  processes. 
Preliminary  results  indicate  significant  reductions  can  be  achieved 
by  pre-ozonation  and  microbiological  activity. 

The  project  work  plan  is  attached. 


AIM 


Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 

The  estimated  cost  of  the  project  is  A$90,Q00  (staff  and 
materials) 


Place(s)  of  installation/ap 

pi ication 

( incl ud 

ing  dat 

es) : 

Laboratory 

based  studies 

conducted 

at  two 

of  the 

Centre 

's 

facilities 

(i.e.  Bolivar 

and  The  Levels) . 

Pilot 

Plant 

facilities 

located  at 

Hope  Valley. 

(All  locations  are  suburbs  of 

Adelaide, 

South  Australia) . 

Project  Timetable   October  1987  - 

December  1989 

Patent  staus,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 


Internal   Funding 


If  availaole  attach  descriptive  publications,   technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND 
WATER  QUALITY  RESEARCH 


PROJECT:         REMOVAL  OF  NATURAL  ORGANIC  MATERIAL  BY 

BIOLOGICAL  PROCESSES  ENHANCED  BY 
PREOZONATIQN 

AIM 

To   develop  strategies   to   reduce   organics   by  biological 

processes  in  order  to  improve  the   quality  of   the  water  and 

the   economy  and   efficiency   of  subsequent  water  treatment 
processes . 

RESEARCH  PLAN  AND  METHODOLOGY 

1.  Determination  of  the  optimum  conditions  (flow  rate,  pH, 
temperature,  etc.)  for  ozone  generation,  ozone  absorption 
and  maximum  equilibrium  residual  ozone  concentration  in  high 
purity  water. 

2.  Determination  of  the  rate  of  ozone .decomposition  in  high 
purity  water  to  subsequently  enable  calculation  of  the 
amount  of  ozone  reacted  with  water  contaminants. 

3.  Development  of  a  reliable  and  appropriate  method  for  the 
determination  of  the  biodegradable  fraction  of  dissolved 
organic  carbon  (BDOC)  by  determination  of  the  optimum 
experimental  conditions  CpH,  temperature,  biomass  used, 
etc.)  for  maximum  dissolved  organic  carbon  (DOC)  removal. 
Water  samples  will  be  treated  with  ozone  and  stored  for  a 
set  time.  Innoculation  of  the  water  sample  can  be  made 
either  with  a  natural  range  of  bacteria  from  the  same  origin 
as  the  sample,  or  with  pure  cultures  of  heterotrophic  micro- 
organisms . 

The  DOC  concentration  will  be  monitored  constantly  over  the 
period  set . 

Microbiological  tests  will  be  performed  to  follow  the 
progress  of  bacteriological  processes  and  identify  the  most 
effective  species  for  the  removal  of  DOC. 

4.  Determine  optimum  ozone  doses  for  different  waters  at  the 
optimum  conditions  for  production  of  biodegradable  organic 
carbon  (as  determined  in  3).  The  effect  of  multistep 
ozonation  as  opposed  to  a  large  single  dose  will  also  be 
invest  igated. 

5.  Confirm  that  optimum  ozone  dose  as  determined  in  laboratory 
tests  gives  comparable  results  in  pilot  activated  carbon 
filters.  Assess  type  and  depth  of  biomass  in  filters  (eould 
provide  insight  into  better  filter  design). 

6.  Development  of  a  rapid  method  of  assessment  of  media  to 
support  biological  growth  using  micro-organisms  as 
determined  in  3  and  small  filter  assembly. 
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7.  Optimum  experimental  conditions  for  DOC  removal  will  be 
applied  to  long  term  storage  system.  At  this  stage  it  is 
envisaged  that  four  tanks  (above  ground  swimming  pools,  each 
approximately  13  m3 )  will  be  used  to  simulate  reservoir 
condi t  ions . 

8.  Assess  biological  filter  using  optimum  medium  and  same 
conditions  as  7.  This  will  enable  assessment  of  need  for  a 
support  structure. 

For  7  &  8 ,  use  changes  in  water  quality  (e.g.  UV  absorbance, 
colour,  etc.)  as  well  as  subsequent  water  treatment 
processes  (e.g.  alum  requirements,  THM  FP ,  chlorine  demand, 
etc. ) . 

9.  Do  mutagenicity  tests  on  water  prior  and  after  biological 
treatment.  Report  these  tests  after  alum  treatment  and 
chlorination  to  determine  if  removing  precursors  likely  to 
form  mutagenic  products. 

10.  Assess  alternative  methods  of  increasing  the  biodegradable 
dissolved  organic  carbon  (e.g.  ultra  violet  irradiation). 

11.  On  the  basis  of  the  above  results,  develop  a  large  scale 
process  which  can  be  tried,  firstly  on  pilot  plant  scale, 
then  in  reservoir  system. 

Possible  options  are: 

(a)  Ozonation  of   the  water   at  the   inlet  of   the  reservoir  and 
•  storage  in  the  reservoir. 

(b)  Ozonation  of  the  water  at  a  certain  point  in  the  reservoir 
to  allow  long  enough  storage  time  for  maximum  DOC  removal 
before  other  treatment  proceses  follow. 

(c)  Isolation  of  a  certain  section  of  the  reservoir  which  can  be 
used  for  preozonation  and  storage  of  water. 

(d)  Preozonation  at  the  reservoir  outlet  and  development  of  a 
fast  biological  process  outside  of  the  reservoir,  in 
separate  storage  tanks,  before  other  water  treatment 
processes  are  applied. 

(e)  Use  of  Rotating  Biological  Contactors. 

12.  Final  report  on  completion  of  project.  Monthly  progress 
reports  are  required. 

TIMETABLE 


1987  -  10 
RESOURCES 


1989  -  12 


D.Bursill  (10%),  M.Drikas  (30%),  U.Kaeding  (30%), 
G.Levay  (100%) 
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AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND 
WATER  QUALITY  RESEARCH 


PROGRESS  REPORT  -  JANUARY  1988 


BIOLOGICAL  REMOVAL  OF  ORGANICS 


BACKGROUND 


Organic  compounds  have  been  identified  as  a  dominant  factor  in 
determining  alum  and  chlorine  dose  rates  in  water  treatment.  The 
removal  of  organic  material  prior  to  other  water  treatment 
processes  has  the  potential  to  remove  taste  and  odour  producing 
compounds  as  well  as  significantly  reducing  outlays  in  water 
treatment  chemicals  and  minimising  the  production  of  disinfection 
by-products  of  public  health  concern. 

The  aim  of  this  project  is  the  removal  of  natural  organic 
material  by  biological  processes,  using  preozonation  and  then 
storing  water  or  by  using  a  medium  such  as  activated  carbon  to 
support  biological  growth. 


RESULTS 

A  research  officer,  G.Levay,   was   assigned   to   this  project  in 

October  1987.    The   rate  of   ozone  decomposition   in  high  purity 

water   has   been   determined    and   the    evaluation  of   optimum 

conditions   for   ozone   generation   and  absorption  in  high  purity 
water  has  begun. 

Experimentation  to  develop  a  reliable  and  appropriate  method  for 
the  determination  of  the  biodegradable  fraction  of  dissolved 
organic  carbon  in  waters  is  also  in  progress.  A  reservoir  sample 
was  treated  with  3.8  mg  ozone  per  litre  of  water,  innoculated 
with  fresh  water  of  the  same  origin  and  then  incubated  in  the 
dark  at  25°C  for  a  period  of  26  days.  The  DOC  reduction  during 
the  total  period  was  20%,  with  50%  occurring  in  the  first  4  days. 
Methods  of  increasing  the  biomass  30  as  to  decrease  the  time 
required  to  reach  maximum  organic  carbon  reduction  are  being 
investigated. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


Project  Title: 


AWWARF  Code  #:    AU-Q2 


Please  send   reports  to: 

Mr.  John  8.   Mannion 
AWWA  Research   Foundation 
6666  West  Quincy  Avenue 
Denver,  CO  80235 


ORGANIC  CARBON  IN  WATER,  ITS  SOURCES  AND  ROLE  IN  NUTRIENT 
TRANSPORT 


Contact  (name  of  person,  organization,  address,  telephone) 


PROF.  MALCOLM  OADES 

AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND  WATER  QUALITY  RESEARCH 

C/O  DEPARTMENT  OF  SOIL  SCIENCE 

WAITE  AGRICULTURAL  RESEARCH  INSTITUTE 

GLEN  OSMOND   SOUTH  AUSTRALIA   5064 

TEL:  (08)  372  2410 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

The  project  aims  to: 

Identify  factors  which  control  the  release  of  organic 
carbon  and  phosphorus  into  water. 

Determine  the  associations  between  natural  organics, 
nutrients  (N  &  P)  and  clays  and  how  these  associations 
influence  transport  to  reservoirs. 


-   Predict  carbon  and  nutrient  export  from  catchments 
under  different  management. 

Two  recent  progress  reports  are  attached. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 

The  current  phase  of  Che  project  is  estimated  to  cost  A$95,000. 
A  further  phase  of  this  project  is  planned  to  commence  in  1989, 
extending  to  1992  at  a  cost  of  A$30,000  p. a. 


Place(s)  of  installation/application  (including  dates) 


Various  catchment  locations  in  the  Mt  Lofty  Ranges,  South 
Australia. 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

Funded  by  the  Australian  Government  on  the  recommendation  of 
the  Australian  Water  Research  Advisory  Council. 

C.S.I.R.O.  Division  of  Soils  (South  Australia)  will  be 
associated  with  phase  2  of  the  project. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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THE  AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND 
WATER  QUALITY  RESEARCH 

PROGRESS  REPORT 

PROJECT  TITLE:     Organic  Carbon   in  Water,  Its  Sources  and  Roie 

in  Nutrient  Transport 

PROJECT  LEADER:    Prof.  M.  Oades 
PROJECT  OFFICER:   Mr  E.  Cotsaris 


INTRODUCTION 

This  project  is  a  development  of  previous  studies  on  natural 
organics  in  water  and  aims  to  identify  factors  which  control  the 
release  of  organic  carbon  and  phosphorus  into  waters.  The 
association  between  natural  organics,  nutrients  (N  &  P)  and 
inorganic  matter  (salts,  clays  and  oxides)  will  be  determined  and 
used  to  assess  their  influences  on  transport  of  these  materials 
to  reservoirs.  In  determining  these  associations,  concentration 
and  fractionation  techniques  will  be  used.  These  fractions  will 
be  characterised  in  detail  by  spectroscopic  techniques  such  as 
13C  +  *H  NMR,  I.R.  and  U.V. 

Currently,  analytical   and  preparative  fractionation  methods  have 

been  developed  and  some  information  on  the  character   of  natural 

organics  and  its  association  with  nutrients  (N  &  P)  has  been 
obtained. 

ANALYTICAL  FRACTIONATION  METHOD 

» 

Of  the  different  techniques  available  for  the  fractionation  of 
aquatic  humic  substances,  the  method  developed  by  J. A.  Leenheer  & 
E.W.D.  Huffman  (1979)  was  chosen  as  the  most  suitable.  The 
method  quantitatively  classifies  organic  solutes  into  hydrophobic 
-base,  -acid,  and  -neutral  fractions  and  hydrophi 1 ic-base ,  -acid 
and  -neutral  fractions,  based  upon  their  adsorption  upon  nonionic 
and  ion-exchange  resin  adsorbents.  Initially  work  at  the  State 
Water  Laboratory  encountered  significant  technical  difficulties, 
such  as  excessive  resin  bleed  and  poor  reproducibility,  which 
made  the  procedure  unsatisfactory.  However,  further  work  has 
enabled  these  problems  to  be  solved  and  some  useful  data  has  been 
obtained. 

Samples  were  collected  from  the  four  chosen  catchment  areas: 
Myponga,  Retreat  Valley,  Kangaroo  Valley  and  Flamenco  Park.  The 
samples  from  Myponga  were  fractionated  first,  because  of  their 
characteristically  high  dissolved  organic  carbon  (DOC)  and 
phosphorus  concentrations.  A  typical  DOC  fractionation  analysis 
of  Myponga  is  shown  below, 


Hydrophobic  Solutes 
Total 
Bases 
Ac  ids 
Neutrals 

Hydrophilic  Solutes 
Total 
Bases 
Ac  i  ds 
Neutrals 


Organic  Carb 

on 

(mg/L) 

», 
» 

DOC 

3.  14 

39 

0 

0 

1.84 

23 

1.30 

16 

5.01 

61 

0.79 

10 

3.71 

46 

0.51 

6 
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The   majority   of   the   natural   organics 
hydrophi 1 ie  acids  and  hydrophobic  acids. 


were   fractionated   as 


CONCENTRATION  OF  ORGANICS 

The   fractionation   of   natural   organics   into   hydrophilic   an 
hydrophobic   solutes   is   an   artificial  separation  because  it  i. 
dependent  on  the  resin's   chemical   behaviour.     Consequently,  a 
method  of   resin  adsorption  for  the  isolation  of  natural  organics 
was  developed  for  a   detailed   characterisation   by  spectroscopic 
techniques . 

Excellent  progress  has  been  achieved  in  the  concentration  and 
isolation  of  the  natural  organics  by  an  undergraduate  student, 
Jeff  Holman.  The  hydrophobic  solutes  have  been  isolated  from  two 
different  Myponga  samples.  The  hydrophilic  solutes  have  been 
concentrated  and  presently  require  desalting  for  isolation.  l 3 C , 
LH  and  31P  NMR  and  I.R.  data  are  currently  being  collected  from 
these  samples  for  a  detailed  characterisation. 


ASSOCIATIONS  OF  NUTRIENTS  fW  &  P)  WITH  NATURAL  ORGANICS 

The  associations  of  organic  materials  with  phosphorus  (P)  and 
nitrogen  (N)  are  unknown  and  basic  information  is  required  on 
their  origins  and  their  transfer  to  natural  water.  The  combined 
effects  of  carbon  and  phosphorus  are  responsible  for  most  of  the 
chemical  costs  in  water  treatment.  It  is  imperative  to 
understand  these  associations  as  a  basis  for  adequate  control 
measures  in  catchments  and  water 
decided  to  subject  a  sample  from 
and  determine  the  association 
Phosphorus  (P)  and  the  nature   of 


different 
below. 


fractions 


treatment.   To  this  end,  it  was 

Myponga  to   a  DOC  fractionation 

of  Carbon  (C),  Nitrogen  (N)  an' 

the   organic   carbon   in  thes 


The   results  are  summarised  in  the  table 


Hydrophobic  Solutes 
Total 
Bases 

Acids 
Neutrals 

Hydrophilic  Solutes 
Total 
Bases 
Acids 
Neutrals 


;  DOC 

42* 

0 
26 

15 


58 

9 

42 

7 


*TKN 

*Pto 

41 

15 

0 

0 

20 

11 

21 

4 

59 

85 

19 

14 

10 

68 

30 

17 

The  Total  Kjeldahl  Nitrogen  (TKN)  is  associated  mainly  with  the 
neutral  and  basic  fractions.  This  is  expected  since  the 
hydrophilic,  hydrophobic  neutral  and  basic  fractions  are  known  to 
contain  aliphatic  and  aromatic  amines,  amino  acids,  pyridines  and 
amides.  The  Total  Phosphorus  (Ptot)  is  interestingly  associated 
mainly  with  the  hydrophilic  solutes  (852)  and  very  little  with 
the  hydrophobic  solutes  (152). 

COMPARISON  OF  RESIN  FRACTIONATION  AND  ULTRAFILTRATION 

The  fractionation  and  concentration  of  natural  organics  by  ultra- 
filtration is  currently  being  investigated  in  collaboration  with 
Waite  Agricultural  Research   Institute.     Some   researchers  have 
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reported  results  are  dependent  greatly  on  interactions  between 
organic  solutes  and  other  constituents  of  the  solution.  These 
lead  to  the  formation  of  aggregates  and  hence  a  higher  estimation 
of  molecular  weight.  Although  natural  organics  are  undergoing 
reactions  all  the  time,  their  general  overall  characteristics 
should  not  change  under  ultrafiltration.  We  have  validated  this 
by  using  a  concentrated  sample  from  ultrafiltration  and 
rediluting  it  to  approximately  its  original  DOC  concentration. 
The  rediluted  sample,  along  with  the  original  sample,  was  then 
subjected  to  the  analytical  resin  fractionation.  The  results  are 
summarised  in  the  table  below. 

Hydrophobic  Solutes    Original  Sample    Rediluted  Untraf il t rat  ion 

%    DOC  %    DOC 

Total  30  36 

Bases  0  0 

Acids  27  28 

Neutrals  3  7 

Hydrqphilic  Solutes 

Total  70  64 

Bases  7  8 

Acids  58  53 

Neutrals  4  4 

The  concentration  process  invariably  leads  to  changes  in  chemical 
factors  which  may  modify  the  reactivity  and  structure  of  the 
compounds  of  interest,  however  the  changes  are  so  small  that  they 
are  insignificant. 

FLOW  MEASUREMENT 

The  installation  of  gauging/sampling  stations  for  examining  water 
quality  has  been  planned  before  the  1988  rainfall  season.  This 
has  resulted  in  the  evaluation  of  suitable  flow  meters,  which 
have  the  capacity  to  measure  and  store  flow  data  and  activate  an 
auto-sampler  on  a  flow  proportional  basis. 

The   "Flo-Tote"   by   Marsh-McBirney ,   Inc.  has   been  found  to  be 

accurate  in  flow  measurement  +  5%,     however  it   does  not   have  the 

capacity  to  activate  an  auto-sampler.  Other  flow  measuring 
devices  are  currently  under  consideration. 

FUTURE  WORK 

Future  work  will  initially  involve  the  installation  of 
gauging/sampling  stations  in  at  least  two  of  the  catchment  areas. 
Success  of  the  research  project  is  highly  dependent  on  the  early 
installation  of  these  stations  in  preparation  for  examining  water 
quality  in  the  1988  rainfall  season. 

The  concentration  and  fractionation  of  natural  organic  by 
adsorption  chromatography  will  continue  along  with  the 
development  of  new  analytical  techniques  such  as  direct  counter 
current  chromatography,  and  bonding  of  organics  with  polyvinyl- 
pyrrol idone . 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  »:     AU-Q5 


Please  send  reports  to: 

Mr.  John  B.  Mannion 
AWWA  Research  Foundation 
6666  West  Quincy  Avenue 
Denver,  CO  80235 


Project  Title: 


THE  REMOVAL  OF  TRIHALOMETHANES  FROM  WATER  SUPPLIES  By 
ADSORPTION  ON  A  SYNTHETIC  RESIN  MATERIAL 


Contact  (name  of  person,  organization,  address,  telephone): 

MR  DON  BURS ILL 

AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND  WATER  QUALITY  RESEARCH 

PRIVATE  MAIL  BAG 

SALISBURY   SOUTH  AUSTRALIA   5108 

TEL:  (08)  259  0236 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate 

The  project  aims  to  develop  a  process  for  the  removal  of 
trihalome thanes  from  water  supplies  using  a  new  material. 
This  material  appears  to  have  fairly  specific  action  for 
the  trihalomechanes ,  but  its  chemistry  can  be  readily 
modified  to  optimise  extraction  of  other  halogenated 
species  (e.g.  trichlorethylene) . 
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Operating  and  cost  data  (including  data  on  efficiency,  results, 

The  project  has  only  recently  commenced  but  preliminary 
results  indicate  that  trihalome thanes  can  be  extracted 
at  up  to  95%  efficiency  with  1-2  minutes  contact  time. 
Indications  are  that  the  theoretical  capacity  of  the 
material  (approx.  10%  of  its  weight)  may  be  achievable. 
It  is  anticipated  that  the  process  will  be  able  to  be 
readily  incorporated  into  existing  water  treatment 
plants  or  could  be  used  as  a  point  of  use  device. 
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If  available  attach  descriptive"  publ i cations ,   technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND 
WATER  QUALITY  RESEARCH 


PROGRESS  REPORT   -   JANUARY  1988 


THM  REMOVAL 


BACKGROUND 


Trihalomethanes  are  a  by-product  of  chlorination  of  water 
supplies,  particularly  with  waters  of  high  organic  content. 
These  compounds  are  known  carcinogens  in  rats  and  mice  and  as 
such  are  considered  a  health  risk  in  water  supplies.  A  material 
that  can  be  cheaply  manufactured  has  been  found  which  adsorbs 
chloroform  and  other  trihalomethane  very  efficiently.  Because  of 
this  ability,  and  its  insolubility  in  water,  it  was  thought  that 
this  compound  had  great  potential  for  removing  chloroform  and 
other  trihalomethanes  from  water. 


RESULTS 


Stirring  tests  of  Happy  Valley  water  (approx.  200  ug/L 
trihalomethanes)  with  the  material  showed  removal  of 
approximately  20-30%. 

Columns  of  the  material  mixed  with  an  equal  volume  of  alumina 
were  prepared  to  facilitate  filtration  of  the  water.  Removal 
efficiencies  of  70-80%  were  obtained  however  blocking  of  the 
filters  occurred  rapidly.  The  material  was  then  deposited  via 
crystallization  onto  sand  used  in  water  filtration  plant  filters. 
Filtration  of  water  in  this  manner  proved  much  more  effective  but 
the  retention  time  used  was  only  6  seconds  and  removal  efficiency 
of  40-50%  was  obtained. 

Further  tests  at  the  State  Water  Laboratory  with  retention  times 
up  to  1  minute  were  undertaken  but  removal  efficiencies  were  only 
10-20%.  However  the  loading  on  the  sand  used  in  these  later 
tests  was  only  1  rag/g  sand  compared  to  a  fivefold  stronger 
concentration  used  in  previous  tests. 

Subsequent  testing  has  resulted  in  extraction  efficiencies  of  up 
to  95%  with  contact  times  of  1-2  minutes. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:  AU-04 


Please  send  reports  to: 

Mr.  John  8.  Mann  ion 
AWWA  Research  Foundation 
6666  West  Quincy  Avenue 
Denver,  CO  80235 


Project  Title: 


THE  REMOVAL  OF  NATURAL  ORGANIC  MATERIAL  BY  MAGNETIC 
BASED  RESINS 


Contact  (name  of  person,  organization,  address,  telephone): 

MR  DON  BURS ILL 

AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND  WATER  QUALITY  RESEARCH 

PRIVATE  MAIL  BAG 

SALISBURY   SOUTH  AUSTRALIA   5108 

TEL:   (08)  259  0236 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

A  project  has  been  completed,  involving  the  development  and 
evaluation  of  a  magnetic  based  anion  exchange  resin  for  the 
removal  of  natural  organics  from  water. 

A  subsequent  project  is  planned  to  commence  (as  soon  as 

funding  is  available)  on  pilot  scale  development  of  the 
process  and  further  laboratory  studies  to  improve  the 
properties  of  the  resin. 

The  magnetic  resin  when  mixed  with  water  presents  a  very 
high  surface  area  to  the  water  resulting  in  very  good 
exchange  kinetics  for  natural  organics. 

When  mixing  bases  the  fine  particles   of  resin  rapidly 
agglomerate  under  the  influence  of  the  magnetic  forces 
and  the  material  settles.   The  resin  can  be  readily 
recovered  and  regenerated  resulting  in  a  dynamic  ion 
exchange  resin  process. 
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Funding  required  for  pilot  plant  and  further  laboratory  trials. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWHARF  Code  #:  AU-05 


Please  send  reports  to: 

Mr.  John  8.  Mannion 
AWWA  Research  Foundation 
6666  West  Quincy  Avenue 
Denver,  CO  80235 


Project  Title: 
A  STUDY  OF  TROPHIC  INTERACTIONS  BETWEEN  PROTOZOA  AND  ALGAE 


Contact  (.name  of  person 

organization, 

address , 

telephone) : 

■ 

MR  B.  ROBINSON 
AUSTRALIAN  CENTRE 
PRIVATE  MAIL  BAG 
SALISBURY 
SOUTH  AUSTRALIA 

FOR 

5108 

rfATER 

TREATMENT 

AND 

WATER 

QUALITY  RES 

lARCH 

TEL:  (08)  259  0331 

! 

FAX: 

(08)  259 

0223 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 


OBJECTIVES 

To  document  the  interactions  of  protozoa  with  algae  which  occur  in 
Australian  freshwater  environments,  to  assess  the  impact  of 
protozoa  on  algal  populations  and  production,  and  to  assess  the 
feasibility  of  manipulating  such  interactions  to  contribute  to 
control  of  algae  in  some  circumstances. 

PROGRESS 

Early  work  has  concentrated  in  two  areas.  Firstly,  techniques  are 
being  developed  for  epif luorescent  microscopy  using  chlorophyll 
autofluorescence  and  the  fluorochromes  FITC  (to  stain  protein), 
DAPI  and  acridine  orange  (nucleic  acids).  Combinations  of  these 
stains  should  permit  examination  of  whole  cell  structure,  nuclear 
structure  and  division,  and  food  vacuole  contents.  An  advantage  of 
fluorescent  microscopy  is  that  material  can  be  fixed  at  the  time  of 
sampling;  its  treatment  is  not  limited  by  the  time  required  to 
examine  fresh  material.  Secondly,  literature  is  being  collected  as 
a  basis  for  a  review  on  protozoan/algal  interactions  and  a  data- 
base (cross-linking  generic  names  of  protozoa  and  algae)  is  being 
developed. 
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EMERGING  HATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AHWARF  Code  #:  All- 06 


Please  send  reports  to: 

Mr.  John  B.  Mannion 
AWWA  Research  Foundation 
6666  West  Quincy  Avenue 
Denver,  CO  80235 


Project  Title: 

DEVELOPMENT  AND  APPLICATION  OF  METHODS  FOR  DETECTING  ENTERIC 
PROTOZOA  IN  WATER 


Contact  (.name  of 

MR  B.  ROBINSON 
AUSTRALIAN  CENTRE 
PRIVATE  MAIL  BAG 
'  SALISBURY 
SOUTH  AUSTRALIA 

person,  organization, 

FOR  WATER  TREATMENT 

5108 

add 

\ND 

ress , 

WATER 

telepho 
QUALITY 

ne)  : 
RESEARCH 

TEL:  (08)  259  0333 

FAX 

259  022S 

Project  Description  (Please  attach  a  schematic  diagram  i"f  appropriate' 

Infections  of  man  and  animals  by  Giardia   and  Cryptosporidium   occur 
widely  in  Australia.  The  extent  to  which  these  infections  may  be 
waterbourne  is  unknown. 

OBJECTIVES : 

Development  of  a  method  or  methods  for  detecting  Giardia  and 
Cryptosporidium  in  water.  Assessment  of  the  potential  role  of  water 
in  transmission  of  enteric  protozoans  to  man  and  between  stock  herds 
in  Australia.  Production  of  a  simple  handbook,  useful  to  water 
microbiology  laboratories  through  Australia.  Assessment  of  control/ 
disinfection  measures.  Assessment  of  survival  of  cysts  or  spores  in 
the  freshwater  environment. 

Project  will  commence  shortly. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:  AU-07 


Please  send  reports  to: 

Mr.  John  8.  Mannion 
AWWA  Research  Foundation 
6666  West  Quincy  Avenue 
Denver,  CO  30235 


Project  Title: 

A  STUDY  OF  THE  ECOLOGY  OF  AMOEBAE  IN 

WATER  SOURCES  AND  SUPPLIES 

Contact  (.name  of  person,  o 

rganization,  address,  telephone): 

MR  B.  ROBINSON 

AUSTRALIAN  CENTRE  FOR 

WATER 

TREATMENT  AND  WATER  QUALITY  RESEARCH 

PRIVATE  MAIL  BAG 

SALISBURY 

• 

SOUTH  AUSTRALIA   5108 

TEL:  (08)  259  0333 

FAX:  259  0228 

Project  Description  (Please  attach  a  scnematic  diagram  if  appropriate): 

This  project  is  concerned  principally  with  the  distribution  and 
biology  of  two  groups  of  free-living  protozoa,  Naegleria  and 
Acanthamoeba,    which  are  significant  human  pathogens. 

OBJECTIVES 

To  determine  the  seasonal  and  geographic  distribution  of  Naegleria 
and  Acanthamoeba  species  in  water,  to  understand  the  influence  of 
environmental  variables  on  their  density  and  distribution  and  to 
identify  potential  sources  of  contamination  of  water  supplies. 

PROGRESS 

Field  studies  have  demonstrated  seasonal  succession  of  Naegleria 
species  with  different  temperature  requirements  and  cycles  of 
population  density  in  thermophilic  species  such  as  the  pathogen 
Naegleria  fowleri.  Winter  survival  of  N.  fowled  depends  on  dormant 
cysts  which  may  reach  103/gram  dry  weight  of  sediment.  In  the 
River  Murray,  seasonal  occurrence  of  thermophilic  Naegleria  depends 
on  flow  phenomena  as  well  as  temperature. 

Experimental  study  has  concentrated  on  the  influence  of  temperature 
on  growth  and  transformation  from  amoebae  to  flagellates  in 
Naegleria  species.  N.  fowleri  and  its  closest  relative 
N.  1 ovani ensis  have  almost  identical  temperature  requirements  for 
growth,  but  quite  different  kinetics  of  transformation  and 
stability  of  the  flagellate  stage. 
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EMERGING  HATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:  AU-Q8 


Please  send  reports  to: 

Mr.  John  B.  Mannion 
AWWA  Research  Foundation 
6666  West  Quincy  Avenue 
Denver,  CO  80235 


Project  Title: 

CONTROL  OF  AMOEBAE  IN  WATER  SUPPLIES  AND  SWIMMING  POOLS 


Contact  (.name  of  person. 

organization, 

address , 

telephone 

): 

MR  B.  ROBINSON 

AUSTRALIAN  CENTRE 

FOR  WATER 

TREATMENT 

AND 

WATE 

R  QUALITY 

RESEARCH 

PRIVATE  MAIL  BAG 

SALISBURY 

. 

SOUTH  AUSTRALIA 

5108 

TEL:  (08)  259  0333 

FAX. 

259  0228 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

This  project  is  concerned  principally  with  control  of  Naegleria   and 
Acanthamoeba  ,  which  are  significant  human  pathogens. 

OBJECTIVES : 

To  determine  the  susceptibility  of  amoebae  to  various  water  treatment 
agents  in  vitro,  to  devise  strategies  for  their  control  in  water 
supplies  and  swimming  pools  and  to  monitor  and  assess  control  programs 
in  the  field  where  necessary. 

PROGRESS: 

The  kinetics  of  action  of  chlorine  and  monochloramine  against  N.fowleri 
have  been  determined,  as  has  the  extent  of  inhibition  of  chlorine  by 
cyanurate  stabilisation.  The  laboratory  has  been  associated  with 
successful  implementation  of  chloramination  in  several  rural  water 
supplies. 

A  number  of  treatment  agents  used  specifically  in  swimming  pools  have 
been  tested,  and  surveys  and  trials  of  swimming  pools  and  aerated  spa 
pools  conducted. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:  AU-09 


Please  send  reports  to: 

Mr.  John  B.  Mannion 
AWWA  Research  Foundation 
6666  West  Quincy  Avenue 
Denver,  CO  80235 


Project  Title: 

A  STUDY  OF  THE  CONTRIBUTION 

OF 

PROTOZOA 

TO 

AESTHETIC 

PROBLEMS 

IN  WATER  QUALITY 

Contact  (.name  of  person 

,  or 

ganization. 

address 

,  telephone) : 

MR  B.  ROBINSON 

AUSTRALIAN  CENTRE  FOR 

WAT 

ER  TREATMENT 

AND 

WA1 

'ER  QUALITY  RESEARCH 

PRIVATE  MAIL  BAG 

SALISBURY 

SOUTH  AUSTRALIA  5108 

TEL:  (08)  259  0333   FAX: 

(08)  259  02 

28 

Project  Description  (Pi  ease  "attach  a  schematic  diagram  if  appropriate) 


OBJECTIVES 

To  identify  protozoans  which  may  contribute  odorous  metabolites  to 
water,  to  identify  the  metabolites  concerned,  and  to  assess  the 
role  of  symbionts  in  producing  the  metabolites. 

PROGRESS 

Several  isolates  of  Saccamoeba  under  study  produce  an  odour 
tentatively  identified  by  mass  spectrometry  as  methyl  isoborneol 
(MIB).  Previously  identified  sources  of  MIB  are  all  prokaryotes 
(actinomycetes  or  cyanophyte  algae),  and  symbiotic  bacteria  within 
the  amoebae  are  suspected  as  its  immediate  source  in  this  case.  In 
an  unrelated  group  of  amoebae,  Vannella,  three  isolates  produce  a 
compound  identified  as  geosmin.  These  isolates  bear  bacterial 
symbionts  readily  recognised  by  light  microscopy;  symbiont-free 
Vannella   do  not  produce  the  odours. 
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AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND 
WATER  QUALITY  RESEARCH 


PROGRESS  REPORT  -  APRIL  1988 


BY-PRODUCTS  OF  DISINFECTION 
BACKGROUND 

This  project   aims  to  isolate  and  identify  the  by-products  formed 

on  disinfection  of  natural  waters  in   South  Australia.    Interest 

in    this    area    stems    from  concern    over    the   suspected 

mutagenic/carcinogenic  nature  of  compounds  commonly  formed  in 
extracts  of  drinking  water. 

To  date,  the  project  has  concentrated  mostly  on  the  by-products 
of  chlorinat ion ,  since  chlorine  is  still  the  principal 
disinfectant  used  in  South  Australia.  Some  work  has  been  done  on 
chloraminated  waters  due  to  the  increasing  use  of  this  method  of 
disinfection  and  it  is  intended  to  pursue  this  study  further  in 
due  course. 

Isolation  and  concentration  of  the  compounds  of  interest  has  been 
achieved  using  Closed  Loop  Stripping  Analysis  (CLSA)  for 
volatile,  non-polar  organics  and  conventional  liquid-liquid 
extraction  for  the  less  volatile  fraction.  The  latter  technique 
usually  requires  a  derivat isat ion  step  to  facilitate  gas 
chromatographic  analysis  of  acidic  components.  Identification  of 
the  unknowns  is  accomplished  by  gas  chromatography/mass 
spectrometry. 

RESULTS 

The  major  products  found  in  laboratory  chlorination  experiments 
and  chlorinated  water  drawn  directly  from  the  distribution  system 
were  the  tr ihalomethanes  (THMs).  Chlorinated  South  Australian 
waters  contain  relatively  high  levels  of  THMs  by  world  standards 
due  to  the  elevated  levels  of  organic  precursors  present  in  the 
raw  water.  Highly  coloured  waters  with  dissolved  organic  carbon 
concentrations  of  up  to  20  mg/L  are  not  uncommon.  Most  of  the 
remaining  by-products  occur  at  lower  concentration  than  THMs, 
although  comparable  levels  of  di  and  tr ichlor inated  acetones  and 
acetic  acids  have  been  found  on  some  occasions.  Other 
halogenated  ketones  {C3-C5)  and  polychlorinated  alkenes  and 
alkanes  have  also  been  found. 

The  strong  oxidising  properties  of  chlorine  leads  to  production 
of  non-halogenated  products,  including  carboxylic  acids.  A 
number  of  monobasic  aliphatic  acids  has  been  identified,  ranging 
from  hexanoic  to  octadecanoic  acid.  Aromatic  acids  are  less 
common  but  salicylic  and  benzoic  acids  have  been  found  in 
chlorinated  Fluka  humic  acid  samples  as  oxidation  products.  When 
Fluka  humic  acid  is  oxidised  with  potassium  permanganate,  several 
additional  benzene  polycarboxyl ic  acids  are  produced,  as  well  as 
a  significant  number  of  dibasic  aliphatic  acids.  Such  compounds 
may  also  be  present  in  chlorinated  water  but  this  has  yet  to  be 
confirmed.  Generally,  chlorinated  aromatics  are  not  widespread 
in   chlorinated   water,   although  t r ichlorophenol  ,  t ribromoptienoi 
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and  more  recently  dichloro-p-guaiacol  and  chlorobenzoic  acid  have 
been  identified. 


Recently,  work  has  begun  on 
known  as  MX,  which  has  been 
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spectrometer  tuned  to  m/e  147,  which 

spectrum  of  methylated  MX.   This  may 

this   compound   but   the  data  is  not 

Further   fractionation   of   the  raw 
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AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND 
WATER  QUALITY  RESEARCH 


PROGRESS  REPORT  -  APRIL  1988 

ODOURS  IN  WATER 

BACKGROUND 

The  Centre's  research  project  into  odours  associated  with 
phytoplankton  in  waters  is  concerned  with  the  identification  of 
specific  odorous  chemicals  which  occur  during  blooms  of  algae  in 
impounded  water  storages.  Odorous  compounds  which  find  their  way 
into  the  distribution  system  are  a  major  cause  of  consumer 
complaint.  Information  on  the  chemical  nature  of  odorants  is 
therefore  required  to  facilitate  the  development  of  methods  for 
their  control  or  removal.  Through  this  work  it  may  eventually  be 
possible  to  chemically  "fingerprint"  specific  algal  genera,  which 
may  provide  a  means  of  "early  warning"  of  an  imminent  algal 
bloom.  Early  detection  of  blooms  may  offer  cost  savings  when 
dosing  reservoirs  with  copper  sulphate  to  control  algal  blooms. 

RESULTS 

The  study  of  naturally  occurring  blooms  is  seasonal,  with  most 
activity  taking  place  during  the  warmer  summer  months.  Algal 
culturing  procedures  provide  samples  at  other  times  of  the  year,, 
but  there  can  be  difficulties  in  growing  some  algae  in  artificial 
media.  For  example,  there  is  no  guarantee  that  a  known  odorous 
alga  will  produce  any  odour  under  culture  conditions.  Notwith- 
standing these  limitations,  a  number  of  odorous  compounds  has 
been  identified  from  both  natural  and  cultured  samples  of  several 
different  algae.  The  Closed  Loop  Stripping  method  is  used  to 
concentrate  volatiles  prior  to  identification  by  gas 
chromatography /mass  spectrometry. 

Samples  of  the  Cyanobacteria  (blue-green  algae),  Oscil latoria  sp. 
and  Anabaena  flos-aquae  are  usually  characterised  by  a  distinct 
earthy/grassy  odour.  Geosmin  is  the  major  odorant  in  these 
samples  and  is  organolept ically  perceptible  at  extremely  low 
concentrations  (ng/L)  in  water.  Another  compound,  2-raethyliso- 
borneol  has  also  been  identified  and  is  a  similarly  potent  earthy 
odorant.  Several  terpenoid  compounds  have  been  found  in  these 
samples  but  absolute  identifications  have  not  been  possible  due 
to  the  large  number  of  isomeric  possibilities  and  the  paucity  of 
analytical  standards.  One  of  these  compounds  however,  gave  an 
excellent  visual  mass  spectral  match  with  germacrene-D ,  which  is 
related  to  the  cadinenes  and  has  also  been  reported  as  having  an 
unpleasant  grassy  odour.  Compounds  of  this  kind  also  contribute 
to  the  overall  odour  character  of  the  sample. 

Bacterial  decomposition  of  algal  cells  after  the  bloom  has  peaked 
leads  to  the  production  of  several  other  compounds  which  alter 
the  character  of  the  odour  over  a  period  of  time.  Methyl  butanol 
and  a  group  of  dimethyl  polysulphides  impart  a  putrid,  rotting 
odour  to  the  samples.  One  of  these  compounds,  dimethyl 
trisulphide,  has  been  responsible  for  "swampy"  or  "cooked 
vegetable"  odours  detected  by  consumers  in  Western  Australian 
water  supplies. 
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The   blue-green   algae  Microcystis  aeruginosa   has  an  unpleasant 

smoky/mouldy   odour   which   is   due  mainly   to   the   presence  of 

methylbutanol   and     -cyclocitral .  Other  minor  components  with 

pleasant  odours  include  hexanol,  6-methyl-5-hept en-2-one  and 
phenylethanol . 

Synura  petersenii,  a  Chrysophyte  which  blooms  in  the  cooler 
months  of  late  autumn  to  early  winter  has  a  cucumber-like  odour. 
The  trans,  cis  isomer  of  2 , 6-nonadienal  was  identified  as  the 
cause  of  this  odour. 

Work  is  proceeding  on  large  scale  culturing  of  several  algae  to 
provide  larger  samples  to  assist  in  the  identification  of  any 
further  odorous  compounds  which  may  be  present  at  lower 
concentrations. 
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AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND 
WATER  QUALITY  RESEARCH 


PROJECT  STATUS  REPORT  -  APRIL  1988 


ALGAL  TOXINS 


This  project  is  aimed  at  determining,  by  chemical  analyses, 
levels  of  algal  toxins  in  water. 

Work  to  date  has  concentrated  on  reproducing  a  literature  HPLC 
method  for  the  determination  of  the  Microcystis  toxin.  Large 
quantities  of  freeze-dried  material  were  obtained  following  a 
bloom  at  Goolwa  in  1987.  A  similar  chromatogram  to  that  reported 
was  obtained  and  work  will  shortly  be  carried  out  to  repeat  this 
analysis  with  the  fractions  corresponding  to  the  various  peaks 
being  obtained  for  toxicity  testing.  A  non-toxic  strain  is  being 
cultured  for  comparison. 

This  work  has  only  a  small  allocation  of  resources  at  present  but 
may  become  part  of  a  larger  program  if  applications  for  funds  are 
successful . 
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AUSTRALIAN  CENTRE  FOR  WATER  TREATMENT  AND 
WATER  QUALITY  RESEARCH 


PROGRESS  REPORT  -  APRIL  1988 


EFFECTS  OF  PESTICIDE  USAGE  ON  WATER  QUALITY  AND  AQUATIC  BIOTA 

This  project  aims  to  determine  the  effects  of  intensive 
agricultural  use  of  pesticides  on  water  quality  and  the  biota  in 
the  receiving  waters.  It  specifically  involves  an  investigation 
of  the  impact  of  the  more  recent,  less  persistent,  but  often  more 
toxic  pesticides  and  the  determination  of  the  effects  of 
historical  usage  of  persistent  pesticides  still  present  in  the 
soils  and  stream  sediments.  An  assessment  of  any  deformities  of 
chironomid  larvae  will  be  conducted  and  a  correlation  with 
pesticide  usage  will  be  tested. 

This  project  has  several  aspects,  viz. 

1)  A  study  of  an  area  of  intensive  pesticide  usage  (Piccadilly 
Valley)  to  determine  the  extent  of  surface  water  pollution 
and  effects  on  aquatic  biota. 

2)  A  similar  study  on  the  River  Murray. 

3)  A  study  of  groundwater  contamination  in  an  area  of  intensive 
horticulture  (Virginia)  by  more  mobile  pesticides. 

4)  Development  of  analytical  methodology  for  use  in  the  above 
s  tudies . 

Most  effort  has  been  concentrated  on  the  Piccadilly  Valley  but 
attempts  have  not  yet  been  made  to  extend  analytical  methodology 
beyond  the  organo-chlor ine  insecticides.  This  has,  however, 
enabled  the  detection  of  some  pesticides  apart  from  organo- 
chlorine  insecticides,  e.g.  the  herbicide  chlorthal-dimethy 1 . 

Water  and  sediment  samples  have  been  analysed  on  a  more  or  less 
regular  basis  and  have  confirmed  seasonal  trends  observed 
earlier.  A  paper  on  correlations  between  pesticide  levels  in 
sediments  and  chironomid  deformities  was  prepared  for 
publication.  While  there  was  some  correlation,  chironomids  were 
absent  from  some  locations  recording  the  highest  pesticide 
levels,  perhaps  indicating  a  lethal  effect. 

Samples  of  water  were  collected  from  one  location  following  a 
sudden  storm  in  December.  These  showed  very  high  levels  of 
suspended  material  (up  to  9  g/L)  with  a  number  of  pesticides 
present.  Some  were  present  at  relatively  high  levels,  e.g. 
chlorthal-dimethyl  was  present  in  one  sample  at  a  concentration 
of  110  ug/L.  This  confirmed  earlier  observations  that  heavy 
rainfall  early  in  the  summer  season  can  cause  severe  erosion  with 
large  pesticide  losses. 

Water,  sediment  and  biota  samples  were  collected  in  early 
January.  These  were  analysed  to  determine  whether  biota  are 
accumulating  pesticides  from  contaminated  sediments.  This  work, 
undertaken   by   Dr   Jayant   Bapat   while  on  sabbatical  leave  from 
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Chisholm  Institute  of  Technology,  showed  fish  to  be  highly 
contaminated  with  DDT  levels  far  in  excess  of  acceptable  levels. 

An  application  for  funding  for  a  project  to  study  pesticides  and 
chironomid  deformities  in  the  River  Murray  was  unsuccessful. 
However,  the  Murray  Darling  Basin  Commission  decided  to  proceed 
with  the  collection  and  analysis  of  sediment  samples  to  identify 
contaminated  areas.  Samples  received  from  Victoria  have  been 
analysed  but  the  extent  of  contamination  was  found  to  be 
negligible. 

Sampling  of  the  Virginia  area  has  not  yet  commenced.  Method- 
ology for  the  determination  of  volatile  fumigants  has  been 
evaluated  and  found  to  be  satisfactory.  As  water  is  drawn  from  a 
confined  aquifer  and  there  is  pressure  for  resources  in  other 
areas,  only  a  few  samples  will  now  be  analysed  this  summer. 
Depending  on  the  outcome,  this  project  may  be  extended  next 
summer . 


All- 36 


I 

I 
I 
I 
I 
J 


BELGIUM 


BELGIUM 


Code  i  Project  Title  Page  # 

Optimization  of  Continuous  Generation  of  BE-1 

Activated  Si  1 ica 

Development  of  an   Instrumental   Method   for  Direct  BE-3 

Determination  of  Dissolved  Nitrogen 

Comparative  Study  of  Activated  Nitrification  in  a  BE-21 

Fluidised  Bed   and  Expanded  Bed  Reactor 

Biological   Denitrif ication  of  Drinking  Water  by  BE-35 

Means  of  Hydrogen-Oxidizing  Bacteria  in  a 
Polyurethane  Carrier  Reactor 

BE-05         Feasibility  of  the  Removal   of  Chlorite  Ion  With  BE-51 

Activated  Carbon 

BE-06         Optimization  of  Removal   of  Radioactive   Isotopes   in  BE-69 

Upflow  Sludge  Blanket  Clarifiers 

BE-07         Polyurethane  Prefi Iters  to   Improve  Slow  Sand  BE-71 

Filters 


BE- 

■01 

BE- 

■02 

BE- 

■03 

BE- 

-04 

EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  CODE  #  :  BE- 01 


:Project  Title: 

OPTIMIZATION  OF  CONTINUOUS  GENERATION  OF  ACTIVATED  SILICA 


Contact  (name  of  person,  organization,  address,  telephone) : 

Dr.  W.J.  MASSCHELEIN 

Director  of  the  Laboratories 

Brussels  Intercommunal  Waterboard 

Chaussee  de  Waterloo  764 

B  -  1180  BRUSSELS 

(BELGIUM)    


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate] 


For  the  activation  with  sulphuric  acid  the  contact  time  in  the  reactor 

volume  must  in  all  cases  be  kept  between  6  and  25  %  of  the  gelling  time. 

Dosing  parameters  for  the  reactors  are  to  foresee  a  reactor  volume  on  the 

basis  of  an  average  concentration  in  the  sol  of  2  %  Si02  of  "neutral 

silicate"  and  a  residence  time  of  15  -  20  %  of  the  gelling  time. 

In  the  sulphuric  acid  activation  of  silicate  with  a  continuous  flow  the 

auxiliary  maturation  or  gelling  vessel  is  quite  unnecessary.  The 

concentration  in  magnesium  ions  can  influence  secondary  the  gelling 

process . 

An  example  is  given  of  one  of  the  reactor  units  able  to  produce  an  average 

quantity  of  4  kg/h  activated  Si02  at  the  Tailfer  plant. 


!««ding  «t«clor« 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 
Installation  :  1  million  BF  for  4kg/h  reactor  and  control  unit 
Cost  of  chemicals  :  200  BF  per  kg  activated  Si02 


Place(s)  of  installation/application  (including  dates}: 
TAILFER  plant   of  the  BRUSSELS'  INTERCOMMUNAL,  WATERBOARD 


if  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specification,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  CODE  §    :  BE"  02 


: Project  Title: 


DEVELOPMENT  OF  AN  INSTRUMENTAL  METHOD 
FOR  DIRECT  DETERMINATION  OF  DISSOLVED  NITROGEN 


Contact  (name  of  person,  organization,  address,  telephone): 

Dr.  W.J.  MASSCHELEIN 
Director  of  the  Laboratories 
Brussels  Intercomraunal  Waterboard 
Chaussee  de  Waterloo  764 
8  -  1180  BRUSSELS 
(BELGIUM) 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

Development  of  an  extraction  method  making  able  the  direct  determination 
of  dissolved  nitrogen  in  water  with  gas  chromatography  after  extraction. 
The  method  is  carried  out  on  circulating  gaseous  helium  inside  a  suitable 
silicone  rubber  tube  plunged  into  a  water  layer  which  is  circulated 
countercurrently  to  the  helium  in  a  glass  or  methyl-polymethylacrylate 
tube.  The  method  is  based  on  the  gas  transfer  through  a  silicone  membrane; 
the  driving  force  is  the  partial  pressure  difference.  The  standard 
deviation  is  of  0.2  mg/1  N2  (schematics  joined). 


*i  tuvau  *m   tillcant 
b)  '..it*   tfi  patymathacrytata 
da  mtttifim 

e  )  parol   ju  btin  a  tam. 

paratwa  conuanta 
j  i  joint   toriqua 
•  I  J|0«m   plait 
■t-vo.-   acatwl    ft*.  2 


\»* -Q1.-M3*  .- 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 
Detection  limit  :  0.5  mg  =  dynamic  range  :  200  x 
Cost  of  instrument  :  ±  1  million  BF 


Place(s)  of  installation/application  ( including  dates ) : 
HAVRE  station  of  the  BRUSSELS'  INTERCOMMUNAL  WATERBOARD 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 
paper  joined  (in  French) 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specification,  patent  descriptions,  etc. 
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Methode  directe  de  determination  de  I  azote  dissaus 

Direct  method  of  determination  of  dissolved  nitrogen 


G.   MINON  at  W.J.   MAS5CHELEIN* 


Resume 

La  diffusion,  au  travers  d'une  membrane  en  silicone,  couolee 
a  la  chromatographic  en  phase  gazeuse,  permet  le  dosage  ae 
I'azote  dissous  pans  I'eau.  Cette  mesure  s'avere  etre  de  ore- 
miere  importance  dans  I'etude  des  equilibres  des  gaz  dissous, 
tout  comme  dans  I'approche  des  rendements  de  "dissolution- 
degazage"  envisages  pour  I'emploi  d'un  gaz  enrichi  en  oxygene. 

Dans  la  methode  developoee  ici,  un  ecart-type  de  0,08  mg/l  et 
0,17  mg/l  caracterise  respecti vement  les  mesures  de  concentra- 
tion d'oxygene  et  d'azote  proches  de  la  saturation  oar  raoport 
a  I'air.  La  gamme  dynamique  de  la  methode  s'etend  a  200  fois 
au  moins. 

L'uti lisat ion  de  la  technique  mise  au  point  revele  la  tendance 
a  la  sursaturation  des  eaux  en  azote,  de  ineme  aue  la  Lenteur 
du  degazage  de  celui-ci. 


Summary 

Diffusion  through  a  silicone  memorane,  coupled  with  gas  chro- 
matography enables  to  determine  dissolved  nitrogen  in  water. 
The  measure  of  this  concentration  is  of  utmost  importance  in 
the  study  of  equilibria  between  the  aas  vs.  the  liquid  phase 
and  also  in  the  evaluation  of  the  dissolving-degassing  yields 
when  using  a  gas  phase  enriched  with  oxygen. 


*  Labcratoiras  de  la  Cotncagnia  Interecmraunaie  Sruxelloise  des  Eaux 
Chaussee  da  Waterloo  "e^  -  9-118Q  -  3RUXELLES  [Beijjlque!. 
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The  method  as  develooed  in  this  contribution  is  characterised 
by  a  stanaard  deviation  of  0.08  mg/l  and  0.17  mg/l  respective- 
ly for  dissolved  oxygen  and  nitrogen  at  concentrations  near 
the  levels  of  saturation  vs.  air.  The  dynamic  range  of  the 
direct  method  is  of  at  least  200. 

Direct  determination  of  dissolved  nitrogen  as  develooed  here, 
provides  good  evidence  of  the  over-saturation  in  nitrogen  as 
well  as  the  point  that  the  degassing  of  the  latter  is  a  slow 
process. 


INTRODUCTION 


[.'aeration  sous  pression,  en  vue  d'enrichir  ou  de  saturer  i'eau  en 
oxygen*,  peut  conduire  a  une  sursaturation  en  azote  si  un  ihaissement 
de  presaion  succede  4  ce  traitement.  DiffSrents  effats  ee  perturbations 
peuvent  en  resulter  (ALBRECHT,  1974  ;  MEVIUS,  1980  ;  WEI7KAMP  et  KAT2, 
1980  ;  BILSTAD,  LIGHTFOOT  et  POLKOWSKI,  1978). 

Les  Stats  de  Washington  et  de  I' Oregon  auraient  fixe1,  respect! vement 
a  110  et  10S  %  de  la  saturation  a  la  temperature  consideree,  les  liai- 
:s3  de  sursaturation  permises  en  azote  dans  les  eaux  4  destination  pis- 
cicole  (LIGHTFOOT  et  POLKOWSKI,  1978).  D'autres  chiffres  sont  conimentes 
(WEITKAMP  et  KATZ,  1980)  et  l'Agence  de  Protection  de  I'Environnemenc 
das  U.S.A.  defend  d«s  vaiaurs  de  HO,  115  ou  120  %  (WEITXAMP  et  KATZ, 
1980)  . 

Dans  un  autre  ordre  d'idees,  1'axygene  pur,  utilise  en  lieu  et  place 
d'air,  peut  atre  associe  4  diffgrents  avantages,  tant  dans  Le  domaine 
des  eaux  potables  que  des  eaux  residuaires  (ALBRECHT,  1974  ;  >EVIuS, 
1980  ;  An.,  1975).  L' utilisation  de  L'oxyejdne  provocue  un  chaneement 
des  conditions  d'equilibre  de  dissolution  des  gas,  consequence  de  la 
aodif ication  de  I'acaosphere  equilibrante.  'Jn  d£gazage  d'  azote  en  est 
la  rSsuitante  ( MASSCHELEIN ,  1976)  .  Par  aiileurs,  la  littSraniire  ne  men- 
tionne  pratiquement  pas  de  donnees  quantitatives  concernant  La  "perfor- 
mance" atteinte  dans  le  digazage  de  1' azote  au  depart  d'ur.e  eau  aaturSe 
en  ce  3az  at  trait^e  oar  un  iisoositif  d' oxygenation. 
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2  -  But  de  cette  recherche 


II  sera  fait  appei  4  la  diffusion  au  travers  du  caoutchouc  silicone 
pour  rSaiiser  -in  appareillace  destine  i  la  determination  de  1' azote 
iigsous. 
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Methods  diveate  de  ddterrination  de  I  'azote  dissents 


3  -  Principe  des  m£thodes  anterieures 


Avant  1968,  quatre  possibilities  (TOLK,  LINGERAK,  KOUT  et  30RGER, 
1969)  sont  decrites  : 

a)  i"  injection  directe  de  l'eau  sur  une  colonne  prdliminaire  ,- 

b)  L" Ebullition  preparatoire  ; 

c)  1' extraction  des  gaz  sous  vide  ; 

d)  I'entralnement  par  barbotage  du  gaz  porteur. 

Souvent  la  raise  en  oeuvre  de  ces  techniques  necessite  une  dessication 
avant  1" injection  sur  les  colonnes  de  separation  (KILNER  et  RATCLIFF, 
1964  ;  WEISS  et  CRAIG,  1973  ;  GAMO  et  HORIBE,  1980).  La  dessication 
s ' accompagne  souvent  d'un  volume  de  prise  d'echantillon  limits  a  quel- 
ques  ml,  alors  que  I'entralnement  par  barbotage  du  gaz  porteur  permet 
de  dEvelopper  des  appareils  pour  extraction  en  continu  (WALKER  et 
FRANCE,  1969  ;  WILLIAMS  at  MILLER,  1962). 

Deux  variantes  peuvent  s'ajouter  aux  raEthodes  precedentes  (LEGGET, 
1979  ;  BOUCK,  1982  ;  D'AOUST,  WHITE  et  SEIBOLD,  1975  ;  FICKEISEN, 
SCHNEIDER  et  MONTGOMERY,  1975  ;  BILSTAD,  1978  ;  KOLLIG,  FALCO  et  STANCIL; 
1975  ;  BILSTAD  et  LIGHTFOOT,  1982)  : 

1)  #tablir  un  equilibre  d'echange  entre  l'eau  et  un  petit  volume  gazeux  ; 

2)  faire  diffuser  las  gaz  dissous  au  travers  de  membranes. 

Le  SILASTIC*  est  le  mater iau  genEralement  employe.  La  methode  decrite 
ici  vise  plus  sp^cialement  a  augmenter  la  sensibility  et  de  permettre 
1' analyse  en  laboratoire  d'4chantillons  preleves  sur  site  et  transported. 


Materiel  et  methodes 


4-1  Materiel 

La  construction  de  1'appareillage  utilise'  comme  analyseur  est  illus- 
tre  par  les  figures  1  et  2. 

Comme  le  montre  le  detail  d'une  extremity  du  montage  (figure   2),    le 
tuyau  de  caoutchouc  silicone  translucide  da  15  cm  de  long,  de  3  et  5  ami 
de  diametre  inter ieur  et  exterieur  respectivement ,  de  marque  VEREILIC**, 
est  maintenu  dans  un  tube  en  methaerylata  de  15  cm  de  long,  d'un  diame- 
tre inter  ieur  de  7  nun  et  de  1 , 5  mm  d'epaisseur,  par  serrage  sur  un  bout 
de  tube  de  polypropylene  et  ce  de  maniere  a  crSer  un  conduit  a  double 
parol,  grace  a  deux  bagues  de  centrage  cannelies.  L'echanqeur  est  fixe 
dans  un  bain  a  thermostat. 


*  Caoutchouc  silicons  CCW  CORNING  CORPORATION.  fllDLAND.  "IICHIGAN  «8640. 

*"  VSPSILIC,  Manufacture  generals  da  caoutchouc  V5P"!E°ET  S.A., 
i9  rua  =iarr=  at  ~arie  Curie,  c-9-::3  :'/"'■'-  5UR-3EINE. 
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*t  tuyau  an  iillcona 
a)  mo*  an  MiynaHriacrrtata 
da  mathyta 

e  )  pni  du  tM  « tarn. 


d)  |0«M    tartdua 

•  !  jam  (Mat 
_jj  *>»o«    datatl    fig.  2 

-MjO 


Figure  1 
Sahdma  de  I '  iahanceur 


I )  (rati*  an    P.T.Ft 

cj)  eantra -fralta    •nPTFE. 

h>  tuba  an  poiyprooyiana 

i )  ba«ju*  da  cantraqa  camalaa 

j>  Da«jua  d'atancnait* 


Figure  2 
Detail  de  la  ^iaure   1 


L'intgrieur  du  tuyau  an  polysiloxane  est  balaye  de  haut  en  has  par 
an  courant  d"  helium  entrant  dans  La  boucle  de  la  prise  d'essai  (capa- 
city :  1  ml)  montee  sur  la  vanne  d' injection  d'un  chromatographic  en 
phase  gazeuse  CARLE  HI*  equipe  de  trois  colonnes  i 

-  colonne  1  :  3'  -  30  %  Porapak  N  -  20  %  Porapak  Q,  50/00  mesh  : 

-  colonne  2:6'-  tamis  moleculaire  5A,  42/62  mesh  ,- 

-  colonne  3    :  6'  -  3  %  ov-101  sur  chrotnosorb  WAWDMCS  30/100  aesh. 

Le  dSbit  de  passage  de  1' helium  est  a  juste  par  'one  vanne  de  reglaqe 
at  controle  par  un  debitmetre  ie  precision.  L'aau  a  analyser  est  pulsae 
de  bas  en  haut,  entre  le  tuyau  "VERSILIC"  at  le  nethacrylate,  par  1 '  ir.- 
tennediaire  d'une  pompe  peristal tique  de  type  MASTERFLEX  a  variateur  at 
inverseur  de  debit.  La  tSte  de  dosage  n°7014  est  equipee  d'un  tuyau  en 
"Tygon"  n" 6408-43,  de  diametre  interieur  et  exterieur  de  0,79  nan  at 
4,1  mm  respectivement,  at  d'une  longueur  de  20  cm.  La  tete  est  legera- 
ment  modifiee  par  1' insertion  d'une  piste,  tuyau  de  cuivre  a  1'  inter leur 
iuquel  circule  l'eau  du  bain.  Le  tuyau  en  "Tygon"  est  en  contact  perma- 
nent avec  catte  piste  qui  assure  le  maintien  de  la  temperature  lors  du 
transfert  de  1' achantiiion  d'eau  a  analvser. 


CARLt  rrSITiUWEMTS. 


'20D  <nollwaocl  Oirsia.  ANAHEIM.  2A  9030". 
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y.iStkode  directs  de  dJ termination  de   I' azote  dissous 


he   debit  d'helium  peut  etre  partiellement  derive  dans  le  circuit  d'eau 
par  le  jeu  de  deux  vannes  "tout  ou  rien",  V  et  V   ,  comme  mdique  dans 
la  figure  3.  s     He 


V«   Vh, 


A:    tuvM  inoiydatola  V\^  ■   liOOl  ".  lonfuwr  l' 
9     achanqaur  *     dabttmatra  joua  ancainta 

•  20*C 
C'    porno*  pariaraltiqua  a  *anataur  »1   invaraaur  da 

dabil     lata  a  l   contra  laa 
D-.    achamillon  G     boutu  J.  ansa  a  acnan 

■ttllon 

E     San  a  IO"C 

Vv  at  v^      «anna«*tout  ou  riana 

V,  at  v^      warma  d   injactlor.  atby-paaa 

vr   vtitM  da  ragiaga 


Figure  3 


Schima  de  principe  da 
montage  de 
dans   le  circuit 
d' 'analyse 


Chvomatcaraphe 
CABLE 

modile  ill 


4-2  Appareillages  compl ementaires 

La  chromatographe  est  alimente  en  helium  au  debit  de  26  ml/min  pour 
une  pression  de  3,7  bars  et  une  temperature  du  four  de  98°C.  Nous  avons 
employ*  un  enregistreur  CHROMATCPAC  CRiB  SHIMADZU . 

4-3  Discussion  de  la  lin£arite 

4-3-1      Choix  des   paramecres  de    travail 

L' interaction  des  valeurs  de  debit,  pression,  volume,  durrSe  d'echange 
et  temperature,  necessite  un  choix  initial. 

La  temperature  du  bain  :  la  selection  4  20"C  se  justifie  par  la  faci- 
lity de  preparation  des  echantillons  d'eau  saturee,  destines  a  1'etaion- 
nage. 

La  pression   d'helium  dans   le  circuit  d'echanqe   :    la  relation  entre  la 
surface  des  pics  et  la  pression  d'hiliurn  etant  lineaire  (figure   4),    la 
vaieur  de  0,5  bar  a  ete  choisie  comme  pression  d'utilisation. 

Le  debit  d'helium  dans    1'echanceur   .•  4  ml/min  :  un  debit  plus  elev« 
amene  une  perte  de  sensibilite.  un  debit  inferieur  pose  des  problemes 
de  reglage  {figure   i! .  II  est  a  r.oter  crue  ce  point  est  determinant  pour 
la  reproductibilite  des  :nesures. 
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uniti  da      . 
aurfaca  1.10J 


40- 


30- 


20- 


10 


unila.  da 


■sr 


Ha:    4,2  »t.»in- 


jj.1.10 


M 


30- 


20- 


10- 


PH«  (bar) 


mufiiin 


t» 


Figure  4 

BSvonae  en  fonction 

de  lc  ■oveasion 


1      2     3     4     9     4     7     8 


flours   s 

Fiponse  en  fonction 

du  -libit  d'hilium 


Ouree  d '  echange   :    1 5   minutes    ('figure   6) . 


I 


uj.tlO 


20  23  30  33         *> 


7zTure  S 
?.6conse  sn  ftmaticn  ds   la  durie  d'iahange 


Ls  ddbi:   d'e&u   3   echanger   :    6   al/nin,    un   debt-   superieur   n'apporte 


rum 


qu'ijne  augmentation  de  sensibilize  marginale 

cezte  valaur  ccrrescond  .ine  ires  bonr.e  zenue  du  "Tyrror."  . 


De   olus,    a 


£i.ininae- on    ies   7^2    rssiiuaires    .-    On   proc-ade   obli3atcir=ner.c   oar 
purge  et  balayage   a    1' helium   apres    shaqtM   essai. 
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'■Hihcde  iireate  ie  it  Semination  ci 


e  i' asota  dissous 


3    10    13    20    23  ml.mli>.'1  HjO 


Figure   7 
B4non.se  en  function  lu  libit  d'eau 


4-3-2      Etalonnage 

L'Stalonnage  est  &   effectuer  au  moins  une  fois  par  jour  (WEISS  et 
CRAIG,  1973).  II  peut  se  faire  au  moyen  d'un  ou  de  deux  standards  ex- 
tar  nes. 


Echanzillon  d'eau   sa tare's  servant  de   seul   standard  extesrns    : 
La  temperature  du  bain  et  du  laboratoire  <§tant  1  20"C,  la  realisation 
rapide  d ' echantillons  d'eau  saturee  se  fait  grace  a  une  adaptation  du 
dispositif  prSvu  par  FOX  (FOX,  1909) ,  utilise  par  WORTHINGTON  et  repris 
par  GRASSHOFF  (GRASSHOFF,  1964)  (voir  figure    10)  . 


Jfi 


a  i  bain  a  2Q'C  F    f  !jc  on  «n  polv*trtyl«n«(3 l) 

L  .  flacon  linur   humidllic  aleur         M     moltvjr 


Apportillag*  pour  la  saturation  da  I'eou  par  rapport   i  I'air 


Un  volume  de   280  ml  d'eau  distillee  est   introduit  dans    le   flacon   en 
polyethylene   et  ce   dernier  est  mis   en   rotation. 
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Interferences,    iinearice   •£  passage  par  I 'origins    : 

■   Cas    de    I'oxygsne 

La  courbe  etalon  4tablie  par  comparaison  aux  dosages   selon  WINKLER 
',  f'lgixpe  9)    n«  passe  pas  par  1' origins. 


15    ppm.02 


trr»ur  n»qaciv# 
0, 


d  vtalonnage 

comparaison 

Winhl«r 

erreur 


'u.s.1.103 


ioure  3 


La  vaieur  a  l'origine  correspond  a  la  reponse  de  I "argon  (WILLIAMS  et 
MILLER,  1962  ;  LEGGET,  1979  •  ELSEY,  1959  ;  3WINNERTON  St  zl. ,     1962  ; 
3EUSMANN,  1968).  Cette  erreur  de  mesure  due  a  I ' argon  n'a  pas  tou~curs 
ete  prise  en  consideration  dans  la  littirature  (3IL5TAD  at  LIGHTFCOT, 
'.982  ;  ROPARS,  1968  ;  SOTTER,  1971). 

Le  premier  principe  d'etaionnaqe  r.e  peut  done  3'utiij.ser  que  pour  des 
teneurs  en  0%    proches  de  la  valeur  de  saturation  :  9  :  2  ag/L. 

La  procedure  d'etaionnaqe  &   deux  standards  externes  est  preferable. 

Le  premier  standard  est  de  1'eau  satur^e  (—  «  0,56)  et  le  second  La 

liquide  au— dessus  du  precipits  d'un  essai  WINKLER  (valeur  0).  Ce  precede 
permet  d'eviter  lea  corrections  par  calcul  ou  des  modifications  tres 
Iwpill  rinfll  descinaes  a  separer  at  mesurer  l'argcn  !LARD  at  HORN,  1960  ; 
VISARD  at  WYNNE,  1959  ;  SWINNERTON  at   <tl. ,     1962). 

■  tas  de  1 'azote 

II   n'y  a  pas   i' interference.    Les   echantillons    doivunt   repc-dre    i    '.a 
rtqle    iblicatoire   du   raprrart   0,56   <   —  <   0,57    (figure    IS  ■'  . 
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saturation 


°2  ao'c. 


Figure  10 
Etalonnage 


En  effet,  il  dgcoule  du  principe  de  la  detection  par  conductivite 
thermioue  : 


0 


(0'  +  Ar')  .  [(  ,  u\   T  .  \  o2!  +  C-r 

- 0;  *  Ar'      •      Ci 


Ar' 


Ar!  ] 


n: 


TIT 


0,5629 


ou 

0  ■  unites  de  surface  mesurees  pour  Oj  +  Ar» 
N  ■  unites  de  surface  mesurees  pour  ftj  , 

m;  ,0*  ,  Ar'  «  solubilites  des  gaz  en  ml/1  a  20°C  et  pour  l'air  sature 
en  eau  a  pression  atmospherique , 

MJ  -  11,92  nil/1  a  20°C, 

o:  =   6,36  ml/1  a  20°C, 

Ar'  -  0,31  ml/1  a  20°C, 

at 

Ma 

— ,  ■  39,  08  ml/1  a  20I,C  =  conductivite  thermiaue  des  gaz  respectifs  : 

Ar  ■  3,908  cal/ml, 
Oj  =  3,732  cal/ml, 
M:  =  5,86   cal/ml 

N^  et  o;  sont  donnees  par  MURRAY  (MURRAY  et   il. ,    19691. 

Ar'  est  obtenue  a  partir  des  donnees  de  3ENSQN  et  PARKER  (19611. 

La  presents  mise  au  point  (figures   9  et    1C)    confirme  la  linearite 
dSja  etablie  (3ILSTAD  et  LIGHTFOOT,  1982) . 

Selon  les  donnees  rapportees  par  GALLETTI  et    il.,     (19661,  les  luanti- 
t#s  maximales  des  gaz  diffusibles  par  notre  echanaeur  s ' Stablissert 


BE-  i  3 


178 


Sciences 


Oxygene  »  118  asg  O2/I  ; 
Azote   -  193  mg  02/l. 

Selon  ORISCOLL  (1976)  ,  la  conductivity  thermique  pimi  1 1  ■!  t  une  de- 
tection lineaire  dc  105,  soit  da  1.10"1  a  1.10s  Ug.  C'est  done  Le  monta- 
ge du  "VERSILXC"  qui  est  limitatif. 


5  -  Precision  et  sensibility 


Compte  tenu  d'un  etalonnage  journalier,  la  methode  permet  une  preci- 
sion de  9,08  *  0,08  mg/1  Oj  ;  14,89  ±  0,17  mg/1  o2 . 

Les  Unites  de  detection  se  situent  a  0,05  mg/1  Oz   et  0,07  mg/1  N2  . 


6  -  ExEMPLES  D'APPLICATION  -  ANALYSE  D'£CHANTILL0NS 
PRELEVES  SUR  LE  TERRAIN 


5-1  Les  installations  de  Spontin  et  "3e  Crupet  aont  essentieliement 
constituees  de  galeries  drainantes  creu3ees  dans  le  caicaire  carbo- 
nifere.  Silas  captent  les  eaux  d' infiltration  provenant  de  nappes  li- 
bres.  La  profondeur  de  captaga  oscille  autour  de  -  10  m.  Les  eaux 
analysees  ont  ate  preievees  en  differents  points. 

Les  analyses  revelent  un  lager  deficit  an  oxygene  dissous.  II  est 
compris  antre  -  3  et  -  5  mg  Qj  par  rapport  a  la  valeur  da  saturation 
par  l'air  a  la  pression  normale.  Ce  deficit  se  aanifeste  aux  sites 
qui  marquent  une  vuinerabiiite  bacteriologique  frequente.  Sn  ce  qui 
conceme  1' azote,  il  convlent  de  relever  une  cartaina  tendance  4  la 
sursaturation.  La  valeur  est  de  -  3  mg/1  Nj  et  atteint  »  6  no  par 
endroit  (figure  11). 


6-2  Le  captage  de  Vedn'n  collects  las  eaux  d' infiltration  qui  s'^cou- 
lant  librement  dans  les  galaries  d'une  ancienne  exploitation  de  mi.-.erais 
de  fer  (marcassite! .  Les  eaux  captees  a  -  130  m  de  profondeur  sont 
remarquableaent  axemptes  de  matieres  organiques  (TOC  <  L  ng/1)  .  Les  bac- 
teries  y  sent  pratiquement  absentes  et  aucun  indice  de  pollution  fecale 
ne  fut  constate  au  cours  de  25  ans  d'exhaure.  Cependant,  a  1' exception 
des  endroits  an  regard  des  nuits  d'acces  (n°s 
gene  iissous  se  manifeste  de  maniere  -renerala 
soit  una  concentration  movenne  effective  de  1 


5  et  16),  le  manque  d'oxy- 

II  ast  de  -  9  "ag/1  02 , 
ordre  de  3  ng/1.  Soulignons 


toutefois  la  variation,  de  1,5  4  3,0  ag/1  Oj ,  qui  correspond  1  un  defi- 
cit situe  entre  -  10  et  -  3  mg/1.  Ce  dernier,  envisage  cornea  ur.e  conscm- 
mation  par  I'oxydation,  serait  issocis  4  la  transformation  in  ritu   des 
sulfures  en  sulfatas  de  fer.  Pour  une  teneur  aoyenr.e  des  eaux  ie   3  -a/L 
de  fer,  un  deficit  en  oxygene  de  3  mg/1  parait  possible  ;  aais  una  par- 
tie  du  fer  dissous  peut  se  trouver  sous  forme  d 'hydroqenocarbonate, 
entralnant  des  situations  ponctuelies  de  drainage  ferruainaux,  suscepti- 
bies  de  s ' 4carter  sicnificativement  ie  la  movenne. 
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Pour  ce  qui  est  de  1' azote  dissous,  L'ecart  raoyen  excede  la  concentra- 
tion A  saturation  de  *  3,2  mg/L,  lea  valeurs  extremes  se  situant  a 
*  1  at  ♦  6  mg/1.  La  sursaturation  en  azote  est  done  du  meme  ordre  da 
grandeur  pour  ce  captage  que  pour  ceux  realises  dans  les  gaLenes  du 
carDonifere  'figure    11). 


5-3   *!0S  captages  dans  la  region  ■nontoise  regrcupent  les  eaux  d'un  ensem- 
ble de  puits  £onc£s  dans  le  cretace.  Leur  profondeur  est  de  :  90  a.  Le 
sous-sol  comprend  une  couverture  tcurbeuse  superficielie  de  piusieurs 
ietres  (jusqu'4  i  5  m  par  endroit) .  Munies  de  crepines,  les  pompes, 
iranergees  en  tnoyenne  a  -  40  ra  du  sol  (sauf  G3  :  -  31  m)  ,  refoulent  ies 
eaux  en  surface  dans  des  conduites  sous  pression. 

Pour  1' ensemble  des  puits  de  cette  zone,  Les  eaux  se  montrent  pauvres 
en  oxvgene.  Pendant  les  pe'riodes  d'arret,  ce  phenomena  s'aggrave.  L'ex- 
ces  en  azote  voisine  las  t  7  rag/1  par  rapport  a  la  valeur  de  saturation 
par  1'air  atmosph^rique.  Catte  richesse  est  done  leaerement  superieure 
1  celle  relevee  dans  le  cadre  des  captages  4  ecoulement  libre .  II  est  a 
noter  qu'il  subsiste,  en  permanence,  piusieurs  mecres  de  colonne  d'eau 
sur  la  crSpine  d" aspiration  des  pompes  'hauteur  variable  entre  IS  n  K 
34  m,  selon  les  rabattements  ie  La  nappe  aquifere) . 

L'aeration  par  injection  d'air  comprime'  au  fond  ies  puits  a  raison 
de  t  0,015  NnT  par  m'  d'eau  exhauree,  ramene  entre  -  5  »t  -  7  rca/1  ie 
deficit  en  oxyqene  par  rapport  a  la  saturation  par  1'air  a  La  pression 
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ataospherique  (figure   It),    ce  qui  porta  entre  4  at  6  mg/1  la  concentra- 
tion affective  et  garantit  une  composition  d'aau  mettant  les  conduites 
d' adduction  a  L'abri  de  corrosions  anaerobiques.  Lors  de  cette  injection 
en  profondeur,  il  convient  de  remarquer  que  la  concentration  en  azote 
dissous  s'accrolt  de  +  3  a  +  6  mg/1  selon  le  cas.  La  sursaturation 
atteint  done  couramment  10  mg/1  a  1'exhaure. 


'S. '&.'&  'G    'G     H    'H      H      H     N      N   I  M.1  n   '  m    '  M.I  M  '  u 
|    3j    «!     ri    8|    »l"i|"il    Si    «i     II     *<.     't    <i     71  "Si  Nt, "« 


l__J     »m    itnlii 


«»«c    aeration 


Figure  12 
C-az  dissous  dans   les  saux  du  7r4tac4   f'4ons) 


5—1  En  conclusion,  U   aoparalt  que  La  plupart  des  eaux  des  nappes  sou- 
terraines  •envisages  sent  sursaturees  an  azote  dissous  oar  rapport  1  La 
concentration  equiiibrante  vis-4-vis  de  L'air.  Le  degazage  libre  im 
1' azote  de  L'eau  s'avere  etre  un  phenomena  lent.  L' aeration  par  injec- 
tion d'air  sous  pression  accroit  la  sursaturation  dont  il  faut,  des  lors, 
tenir  compte  dans  les  bilans  de  matieres.  L ' investigation  an  est  desor- 
aais  possible  grSce  a  la  methods  analyticue  developpee  ci-dessus. 

■   Semplacer  l'air  par  un  gaz  enrichi  en  oxygene  dans  la  generation 
d' ozone  par  dScharge  41ectrique  permet  d'sn  augmenter  La  production 
au  .-noyen  des  seines  equipements  '.MAS3CHELZIN,  1976  ;  MAS3CHELZIN,  1977  ; 
MASSCHELEIN,  19801.  Catte  pratique  conduit  au  iegazage  de  1 ' azote 
dissous  at  4  la  sursaturation  an  oxygene  de  l'eau  soumise  a  1" injection 
du  gaz  contenant  L ' ozone . 

•   Les  rasultats  du  degazage  d'izote  peuvent  etre  expriaes  'figure   15] 
an  considerant  comme  100  ^  Les  trots  vaieurs  types  suivantes  oour 
1' ozone  dissous  dans  L'eau  au  depart  : 

19,05  mg/1,  concentration  Equiiibrante  4  ~"C   par  rapport  4  L'air, 

20,3  mg/1,  concentration  T.esurae  dans  l'eau  avant  ozonation. 
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23,7  mg/1,    concentration  mesure'e  dans   l'eau  apres  dispersion  d'air 
( voir  tab  lean  1 ) . 


.son 


20  30  <0 


Figure  13 
Ddgazage  d' azote  par  diapers-ion  de  gaz  enriahi  en  oxygene 


Tableau  1 

Teneura  d'oxugine  et  d' azote  en  solution 

et  en  phase  gazeuse 


%  02 

%  02 

Mm'/h 

mg/1 

tng/1 

gaz 

gaz 

02 

Ml 

CONDITIONS 

entree 

sortie 

dissous 

dissous 

20,6 

20,1 

312 

15,7 

23,7 

Q  eau  :  2750  m3/h 

31 

n 

314 

20,6 

21,2 

t*  eau  :  7»c 

40,3 

33,6 

294 

25 

18,9 

Poids  specif ique 
N2  :  1,218  ko/m3 

50 

41 

312 

27  3 

16,1 

Hauteur  de  colonne  d'eau 

62,2 

50,4 

322 

34,3 

12,6 

au  point  de  preievetnent  : 

71,4 

57,8 

326 

37,8 

10,3 

-  3  ,56  to 

38,6 

72,4 

336 

43,3 

6 

Concentration  en  solution 

avant  ozonation 
N2  :  20,3  ag/1 
02  :  12,6  mg/1 


Des  que  la  concentration  en  oxygene  du  gaz  inject^  depasse  30  %  e 
voiuine,  les  donnees  confirment  que  le  deqazage  da  1' azote  n'est  que 
partiel  par  rapport  au(x)  valaur(s)  d'equilibre. 
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•   Les  valeurs  das  concentrations  en  gaz  dissous  doivent  Stre  interpre- 
ters, par  rapport  aux  concentrations  4  l'4quilibre,  aux  pressiens  res- 
pectives  de  1,386  bar  en  bas  et  1,03  bar  en  haut  des  colonnes  de  reten- 
tion (figure   14).    Par  comparaison  a  la  composition  du  gaz  a  1' injection, 
las  concentrations  en  O2  et  M2  dissous  se  situent  dans  des  valeurs 
ir.termediaires  4  la  saturation  a  1,386  bar  et  a  1,03  bar  rescectivement. 
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Figure  14 

Appauwv33ement 

en  osygene    t-0 ) 

et  snviakissemenz 

en  azote   (&.—) 

du  gaz  iahtmgi 

svec  I  'eau 


Si  on  considftre  la  composition  du  gaz  a  1' event,  les  concentrations 
mesurees  dans  l'eau  4  la  surface  d'echange  libre  r^velent  done  une  sur- 
saturation  par  rapport  aux  valeurs  d'equilibre  4  1,03  bar. 

Sn  conclusion,  1' atmosphere  aux  events  f points  terminaux  des  f leches 
horizontales  dans  la  figure  14)  est  enrichie  en  azote  et  appauvrie  en 
oxygene  par  rapport  au  gaz  4  1' entree. 


7  -  Conclusions 


La  determination  simultanee  de  I'oxycjene  et  de  1' azote  dissous  dans 
l'eau  est  possible  par  une  technique  de  diffusion  au  travers  d'une  mem- 
brane en  silicone,  suivie  d'une  analyse  chromatographique  du  gaz  diffuse. 
Parmi  les  parametres  d' optimisation  de  la  methode,  il  est  -ecessaire  de 
citer  la  pression  du  gaz  echangeur  (He  i  0,5  bar),  le  debit  de  ce  gaz 
(ici  4  ml/min) ,  le  debit  et  la  duree  de  circulation  d'eau  a  inalyser. 

Pour  1'etalcnnaqe ,  il  peut  §tre  fait  usage  d'une  solution  3aturea  sar 
rapport  4  1'air,  tant  pour  1' azote  que  pour  1' oxygene.  Ce  dernier, 
rependant,  peut  etre  1'objet  d'une  Interference  due  4  1'argon.  L'4cart 
par  exces  ou  par  defaut  de  0,5  mg/1  peut  etre  corrige  par  l'analvse  d'un 
bianc  diffuse  4  partir  du  liquide  subsistant  au-dessus  du  precioits  d'un 
test  selon  WIWKLZR. 
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Mithode  directs  de  diterwrination  de   I 'azote  dissous 


Au  voisinage  de  La  concentration  saturante,  la  precision  est  de 
±  0,08  mg/1  pour  l'oxygene  et  de  ±  0,17  mg/1  pour  l'azote.  Les  limitas 
de  detection  sont  de  0,05  mg/1  et  0,07  mg/1  respectivement. 

Appliquie  aux  eaux  souterraines ,  la  mdthode  a  mis  en  evidence  une 
sursaturation  en  azote  dissous  que  le  captage  soit  du  type  a  nappe 
libre  ou  du  type  a  nappe  profonde. 

Cette  situation  subsists  indfipendamnaent  de  la  deficience  en  oxygene 
dissous.  Le  degazage  spontan4  de  1 ' azote  est  un  phenomene  lent. 

L' aeration  en  nappe  profonde  accroft  la  sursaturation  en  azote  paral- 
lelement  a  la  hausse  de  concentration  en  oxygene  dissous. 

En  cas  d'injection  d'un  gaz  enriehi  en  oxygene  par  rapport  a  l'air, 
il  se  confirms  que  1«  degazage  d' azote  en  sursaturation  n'est  que  par- 
tial. 

Outre  les  applications  faites  dans  cette  etude,  la  technique  par  dif- 
fusion deVeloppee  offre  des  perspectives  pour  d'autres  gaz  dissous  et 
dans  d'autres  situations  analytiques.  Citons  le  CO2  a  titre  d'exemole. 
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ammonium.  The  latter  constitutes  a  threat  to  fish.  Biological  removal 
by  nitrification  is  a  possible  solution. 

Two  new  approaches  to  achieve  intensive  and  stabile  nitrification  were 
examined.  The  first  method  is  based  on  a  fluidised  bed  system,  aerated 
in  a  conventional  two-phase  mode  with  sand  as  carrier  material.  Air 
is  used  to  aerate.  This  imposes  a  high  recirculation  rate  of  the  water. 
Due  to  the  high  conversion  rates,  the  reactor  can  be  very  small  and 
preferably  shallow  and  wide .  Techniques  to  select  active  nitrifying 
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The  second  method  makes  use  of  polyurethane  sponges  as  a  carrier 
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concentration  in  the  reactor  amounted  8.7  kg  DW/m5  reactor. 

The  maximum  conversion  rates  obtained  by  the  expanded  bed  reactor  were 
4  kg  N/mJ reactor. d  for  an  upstream  velocity  of  23  m/hr.  Such  rates, 
although  lower  than  for  the  fluidised  bed,  are  still  ca.  5  times  those 
in  conventional  reactors.  Furthermore,  this  reactor  system  is  easy  to 
start  and  requires  only  a  minimum  of  supervision  and  control. 
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Scheme  of  the  fluidised  bed  system  with  sand  as  carrier  material 

1.  FLuidised  bed  reactor   2.  Sandtrap   3-  Mixing  tank 

4.  Aerator    5.  Influent    6.  Addition  of  alkali    7.  Effluent 

8.  Pump   9.  oH' control    10.  Temperature  control 
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Scheme  of  the  expanded  bed  system  with  polyurethane  as  carrier  material 

1 .  Expanded  bed  reactor  composed  of  three  zones  filled  with  polyurethane 

cubes    2.  Mixing  tank    3.  Aerator    4.  Influent  5.  Addition  of 

alkali    6.  Effluent     7.  Pump    3.  pH  control    9.  Temperature  control 
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ACTIVATED  NITRIFICATION 
IN  A  SHALLOW  FLUIDISEO  BED  REACTOR 

S.  0E3OOSERE.  J.  GEMQETS  i  W  VERSTRAETE. 
Lao.  MictoWH  Ecology  RUG 


SMWRY 

A  technique  is  presented  to  nitrify  »!*-M  to  NOj'-N  in  a  fluidised  bed  with  sand 
as  carrier  material.  Rather  high  volumetric  loading  rates,   i.e.  5  kg  N/m»r.day  were 
hereby  attained  for  an  influent  concentration  of  SCO  mg  NH*-N/1.     The  aeration  occur- 
red with  air,  this  in  contrast  with  other  research  on  fluidisatinn  where  pure  oxygen 
is  used.  The  ontinij't  flow  velocity  and  height  of  the  reactor  were  estimated  based  on 
model  calculations.   It  appears  thar  such  a  reactor  should  in  essence  be  shallow  and 
wide. 

INTRODUCTION 

A  lot  of  waste  waters  contain  high  concentrations  of  reduced  nitrogen.     The  con- 
centrations in  the  effluents  of  fertiliser  plants,  distilleries  and  animal  rearing 
units  reach  from  1  to  5  gnm  per  liter.     High  Wl.-levels  arise  also  in  industries 
using  ion-exchangers  regenerated  with  >*lI-gas.     During  anaerobic  waste  water  treat- 
ment, the  reduced  nitrogen  is  not  removed,  which  often  results  in  effluent  concentra- 
tions of  more  than  i  gram  'J<r-\V1. 

In  the  future,  surface  waters  will  gain  more  and  .more  importance  for  the  supply 
of  potable  water.  Therefore  the  removal  of  NH*-N  will  be  necessarv.      Indeed,    m  order 
to  achieve  vhlorination  bevond  break-point,   *  mg  thlore  is  required  tor  each  mg  of 
Ml.-N     CI).     These  high  amounts   facilitate  the  formation  of  trihalomethar.es  and  other 
undesirable  chlorinatedorganic  molecules   1.1).     It  is  also  known  that  the  nitrification 
oxygen  demand  iNOD)  of  these  nitrogen  rich  waste  waters  tan  severely  deplete  the  dis- 
solved oxygen  of  surface  waters.     The  nitrification  of  ammonia  to  nitrate  exerts  tour 
tines  as  ouch  oxygen  per  unit  of  weight  as  the  oxidation  of  normal  organic  material. 
A  third  reason  to  remove  tfj!-\  from  the  water  is  the  toxicity  at  the  tree  \n,   for  the 
aquatic  organisms.     Indeed,  already  very  low  concentrations,   i.e.  0.:  mg  9H,/1<  can 
be  harmful  for  fishlue   31. 

Various  methods  exist  to  control      ammonium-nitrogen  m  vaste  water  e.^.  -hysi- 
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cochemical    (ion  ejchange  anJ  stripping),  chemical    (breakpoint  chlorinationj  and  bio- 
chenmal    (nitrification).      In  all  of  these  methods,  the  conversion  of  the  Ml'-N  to 
NO,  or  N,    turns  out  to  be  quite  expensive   (at  least  50  BF/kg  N). 

The  technology  for  aerobic  purification  of  waste  water  by  means  of  a  fluldised 
bed  is  not  new.  Yet  sune  years  ago  it  was  shown  that  with  sanJ  as  a  carrier  sludge 
concentrations  up  to  15-20  kg  dry  matter  per  m1  reactor  could  be  reached  (4,  S).  By 
supplying  juration  in  the  form  of  pure  oxygen,  conversions  of  10  -  IS  kg  BOB  per  m' 
reactor  were  possible  (5).  So  far,  only  results  of  pilot  reactors  are  known.  It  ap- 
pears that  full  scale  reactors  still  cause  technical  problems. 
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In  this  work,  waste  waters  containing  up  to  500  Big  of  Mlt-N/1  were  subjected  to 
microbiological   treatment  so  that  Ml!-N  is  converted  by  the  bacteria  to  the  less 
harmful  N0,-N.     Very  high  volumetric   loading  rates,   i.e.    5  kg  M/m>r.day   instead  of 
the  conventional  0.1  kg  N/m'r.day,  were  hereby  attained.      V  fluidiscd  bed  technology 
was  used  with  sand  as  a  carrier  material.     Aeration  occurred  with  air   in  a  shallow  re- 
actor, this   in  contrast  with  other  research  on  fluidisation  where  pure  oxygen  was 
used  14,  5). 


EXI'tklMLKTU 


Figure    I    illustrates  the  basic  processes  of  this  treatment  system.     The  water 
circulates  in  a  closed  circuit  through  the  reactor  (2, J  li,   the  sandtrap  and  the  mi- 
xing tank.     A  pumi)  with  adjustable  (peed     jumps  the  water  upstream  through  the  re- 
actor (1).     The  sandtrap  (r)  prevents  sand  grains  from  damaging  the  pump.   The  mixing 
tank  U)  ha.-    I  function!   :    renoval  of  the  effluent,   inlet  of  the  influent,  addition 
of  alkali  and  aeration. 


After  a  certain   lime  the  sand,  overgrown  with  biomass,   washes  over   in  the  sanJ- 
trap,  due  to   its  diminished  density. The  excess  biomass   IS   reaovad  from  the  sand 
grains  by  a  peristaltic  pump  which  brings   the  sand  back  into  the  reactor.     The  vo- 
volmietnc   load  wm  Increased  when     more  than  30  t  of  the  MiC-M  concentration  was 
oxidized.     An  electrode  controlled  the  pi).     As  soon  as  the  fM  dropped  below  a  set 
value,  Si, CO, -Solution   10.2  to  0.7  Nl  was  automatically  added   into  to  the  reactor 
till   the  pti  jetpomt  was   reached  again,      because   the  reaction  velocities  of  hilro- 
somonas  and  Mtrobacjcr  are  dependent  on  ihe  temperature,    it  i.as  necessary  to  keep 
the  temperature  in  the  reactor  constant.     Ihis  was  achieved  by  a  thermostat. 

The  readot  was    lillcd  with  about  000  g  of  ,aud  with  a  diameter   of   257  to  55D 

i*.     Ihis  means  thai  there  is  a  specific  surface  >d  21a1  :r-  -.'  mctot   volume. 
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Figure   1.     Scheme  of  the  fluidised  bed  (FB)  system  with  sand  as  carrier  tutorial 


RESULTS 

It  took  about   J  months  to  sutf iciently  colonize  the  sand  particles  with  active 
biomass.     Only  after  about  4  months  the  maximum  conversion  rate  was  reached.     Nitri- 
fying bacteria  grow  very  slowly    ;   the  generation  time  of  Nitrosomonas   (conversion 
from  fiil  to  NOj)  varies  between  3  and  36  hours  while  for  Nitrubacter   (conversion  from 
>J0j  to  N0~)    it  varies  from  12  to  60  hours  (6).     In  practice,   the  doubling  tune  of  the 
nitrifying  bacteria  is  even  slower  e.g.   3  to  5  days.   Furthermore,   the  nitrifiers  had 
to  be  adapted  to  high  concentrations  of  i*l!.  Thus  the  concentration  of  nitrogen  was 
only  increased  when  80  1  of  tile  MlT-S  concentration  in  the   influent  wa*  oxidized.  Fi- 
nally an  influent  concentration  of   500  mg  Mb! -N/1  was  reached.     About   70  I  of  Ml.-N 
was  oxidi:ed  at  a  hydraulic   retention  time  of  about    1.9  hours.  Figure  2  illustrates 
the  volumetric   load  (\D)   and  the  volimetric  conversion  1V0J  during  the  first  tcsi- 
run.     The  amount*  of     Ml.    in  the    iiulucnt    INH.  i)  ,   in  the  clflumi    (Ml.  el    and  of 
SCI~  and  X)'t  and  ui  the  effluent  arc  shown   in  Figure  J.      Ihe  concentrations  were 
measured  3  tiirvc?  a  week  till  n'   3"  an*  3  times  a  week  till  n*  79.    It  i.as  noticed  that 
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FiRure  :.     Volumetric  loads  (Vb)  and  volumetric  conversions  (Vol  of  the  shallow  FB-system  with  sand 
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Figure  3.     Nitrogen  concentrations  of  the  influent  and  effluent  of  the  shallow  FB-system  with  sand 
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T.nlx-l    I.     Tostnuis  .it  iliffrivnr  upstrc-nwvrlni' it  let  in  the  fluiiltsH  bod  system 


|  Upstream         Mccirculatian         Influent         NH!-N  con-  Ml!-N  con-  NOj-N  con-  llissolved  Dissolved  Volunetrk 

.                            r                 ccntration  ccntration  centrstion  oxygen  on  the  oxyjten  on  lo«d     of 

vrlCK">'                 "l""                      noi>                 in  the                 in  the                in  thr  bottom  of  the  the  top  of  NH.*-N 

i-('fiiHtit  i-niui-nt  rffli«Mir  reactor  tlir  niurtat 


V   i»i/lit'l  i>r  1 1 /hi- 1 


(i  (1/hr)    Si.:-M        W-*^      V-n.j        ^  ("B/1)     ro<  ("R/1)     (g^r.d, 
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From  equations  (I)  and  (2)    it  can  be  derived  that  the  stoichiometric  oxygen  demand 
for  the  nitrification  of   I  ing  HiZ-H  to  I  nig  NO>N  is  4.57  rag.     In  practice  the  oxy- 
gen demand   is  4.J3  mg  per  rag  Nil.-N  (10). 

The  nitrification  process  is  very  dependent  on  the  pil.     Nitrification  is  possi- 
Ule   in  the  range  of  5.5  to  3  13,  6).     Tlie  higher     the  Ml,-N  concentration  in  the  re- 
actor, the  more  narrow  this  interval   17J.     Fot  exaiuple,  with  a  Mlt-N  concentration  in 
the  reactor  of  2cU  mg,    the  opt  Hum  |ifl  is  situated    between  6  and  7. 

The  temperature  is  also  an  important  factor  in  the  nitrification  process.  The 
temperature  PCSpOMM  of  both  Nit rosoaonas  and  Nitrohacter  follows  approximately  the 
van  'I  ibff-Arrli— llU  equation  up  to  30°C(I1),  e.g.  if  the  specific  growth  rate  at 
15*C  is  O.J'  d"1  tlian  it  will  be  1.2)  if'  at  25"C.  A  considerable  consequence  is 
that  the  efficiency  can  be  much  lower  in  winter  than  in  simmer,  which  implies  lon- 
ger residence   times   in  winter. 


limitations  of  a  fltiidised  bed  reactor 

Hie  performance  of  a   fluidised  bed  reactor    is     limited.  In  two  ways.     On   llie  one 
hand,   there   is  a  iMxiimri    amount  of  biomass  tloit  can  be  held  in  the   reactor.  On  tlie  other 
hand  there    t*  only  a  certain  amount  of  oxygen  tliat  can  he  dissolved   in   the  water. 
The  parameter    influencing  both  lestrict ions  is  the  upstream  velocity. 

tiSil31iSD.JUS.l2.i!!S-C-3SiSH9.6i9BMi  concent  rat  ion 

The   lower  the  upstream  velocity,    the  more  biomass    is  able   to  attach  to  the  sand. 
Mien  the  velocity  increase*,  the  attrition  between  the  particle*  increase*,  which  lesults 
in  a  decrease  ot   tin;  bionass  concentration.     This   is  slnwii   In  Figure  4   (IJ),      It   il- 
lustrates al:.o  lh.it    the  decrease  of  the  biomass  concentration   is  much  greater   for  a 
tl.nl  btofiiu  than  foi  a  thin  one. 

For  a  .neii  bioin.!,-.-  concentration  one  an  calculate  a  maximum  conversion.  Every 
gram  of  bic:-a-.i  ..in  C\i!i:i    a  certain  auauil   ot   Ml.'-N  per  unit    time.      \ssii:ung  that 
.all   the  bioniJs   in  the   reactor   is  active   itlns   is   fairly  realistic,  because   the  sand 
reactor    .elects  for  i.:v.\-  bidaassdue  tOfuWriagl  a  new  graph       can  be  -\adc  una, 
give.-   in  .r.,:uie   the      liitic  nuro.en  oxidation  late  as  a  function  of  the  upstream 
velocity     in,  abscise    and  this  for  different  thicknesses  of  the  biofila  (Figure 
51.     This   H  urc   is  ohr  ..ined  by  mult inlying  the  biouuss  concent  rat  ion   in  1  I  gun:  4 


30     i 

y     -   a.juss 

(9/0 

MKilo  dlamauir  .03  c» 
madia  dunelty   2.65   g/al 

i      ! 

\\ 

biofila  dry  danslty  .072  ixj/«l 

i 

1     20    1 

\  ■••■ 

molature  con tune  biofila  92.  9z 

Figure  4.      butiut: re  of  the  superficial  upstream  velocity  on  the  biomass  concentra- 
tion  ».  the  reactor       (after  Shier,  et  a'.,    1 DS 1 )    (12) 
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are  5.     SlaxL^LT   nitrogen  oxidation  V*  in  function  of  the  upstream  velocity  for 
differ-r.t  biof lliathiclnesses;     V§  *  0.9  g/lr.d  at    10  m/hr 
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Figure  6,    Mass  balance   :ones  for  the  whole  system,    the  reactor  and  the  aeration  tank 
R  -   reactonone,     B  -  acratiomone,     TS  ■  total  system,     t)  =  influent  flow, 
G  »  aeration   flow,    1    =    influent   stream,    2   »  effluent    stream,   3  -  4  •  recir- 
culation stream 


Expressed  in  grair  nitrogen  per  day    ami  |wr  liter  reactor,  one  obtains 


1000 


4.33  x  VR  x   1000 


(8) 


where  VQ  is  the  maxim*  volumetric  conversion  in  gram  per  liter  reactor  and  per  day. 

With  Qr  ■  A  \  v  the  fcr-.ila  can  be  transformed  to 

24  x  DC,  \  A 

- x  v  to, 

f-5  s  I  .'00  x  VD 
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Thii    is  represented   ir.   Figure  7  where   the  maximum  nitrogen  nidation    I*  plotted  as  a 
function  of  the  uystrei-  velocity  v  and  thi i>  loi   different     alues  of  DO- . 

The  optlmujn  upstream  •.  .  ;       1 1  ■, 

n.e  COCbtnation  ■  f   the   iwo  1  uniting  factors    (hiomass  co:  .uHialmn  .md  oxygen 
supplyj    >=  shown   in  Flj-.ire  8.     This  figure  gives  the  maximum  conversion  that  CM  be 


by  the  activity  constant  of  the  biomass.     At  pH  7  (this  is  the  average  pH  of  the  re- 
actor) Nitrosomonas  has  an  activity  constant  of  0.8  g  NH»-N/g  IW.Jay  and  Nitrobacter 
oxidizes   1.8  g  N0>H/g  CM. day  113).     For  a  total  conversion  to  NO,",      1/0.8  •   1/1.8  • 
1.805  g  DM  biomass  is  needed  to  oxidize  1  g  Ml'-N.     llence,  the  total  activity  con- 
stant of  the  nitryfying  biomass   is  0.544  g  N/g  UM.d. 

The  higher  the  upstream  velocity  and  by  this  also  the  recirculation  flow,   the 
more  oxygen  can  be  supplied.     Using  the  mass  balance  of  the  system,  a   relation  can  be 
found  between  the  maximal  nitrogen  conversion  and  the  aeration  capacity  of  the  aera- 
tion tank.     Therefore,   the  recirculation  flow  reactor-aeration  tank  has  to  be  analysed 
as  a  system  on  its  own,  and  for   its  different  components   (Kigure  b).     This  gives  the 
following  balances   : 
-  the  nitrogen  balance  for  the  whole  system      Q  IC,  .   -  C,  7)   ••  r„  x  V„  ■  0 


-  tlie  oxygen  balance  for  the  reactor  Qr  (DO,  -  DO.) 

with    C  :  concentration  of  ajimonium  (mg/1) 
DO  :  dissolved  oxygen  lmg/1) 

r   :    reaction  velocity  per  volume-unit   (ag/l.hr) 
VR  :  volume  of  the  reactor  (1) 
Qr  :  recirculation  flow  (1/hr) 


x  Vu 


(3> 


Combining   (3)  and  (4)   gives 


Qr  (DOj     -  DO^l 


rNx  VR 


xV„ 


r0, 


ISI 


These  equations  are  valid  for  the  formation  of  NOj  and  N0~  as  well.     For  a  total  con- 
version to  NOl,  this  expression  becomes  : 
Q  x  4.33  I  I  (fa  .  N>|    -  C^.  .  N2)     -    Qr  (DO.  -  [104)  (6) 

rn  , 

(with    2Vi  ,  ■  4.33   :   the  conversion  of   I  wg  NH..-N  to     I  ag  NO,-N  needs  4.33  mg  oxygen). 

■  H 
In  this  equation  Q  (C^*       ,.   .   -  C^.«       „  J    is  the  amount  of  nitrogen  that    is  ni- 
trified in  one  hour   Img/hrl.     Consequently,  the  latter  multiplied  by  4.33  represents 
the  oxygenconsunption  for  this  conversion.     The  right  hand  side  of  this  equation 
Qr(D0j  -  DOj)   is  the  amount  of  oxygen  that  is  supplied  img/hr).     The  maximal  nitrogen 
oxidation  (with  a  total  conversion  of  ajsmuniuiii  to  nitrate!  can  be  calculated  assu- 
ming that    in  the  upper  part   of   the   reactor  all   the  oxygen   is  consumed   (DO.    .  0|   and 
that   there   is  no  more  SH*-\   in  the  effluent   IC„.»   _  j.   ,  *  0).   This  yields  the  follo- 
wing equation    :  „  __ 
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I  igure  7.  HiKii.ttui  iiur^jcn  oxidation  V"  for  the  used  reactor  in  function  of  the  up- 
,   .  stream  velocity,  at  different  values  of  DO, 
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1  'pire  M.   'u.wimim  oxidation  capacity  of  the  i'B-..yste*  in  function  or  the  upstream 

vl-Kx  Hy  ai>C      iofiln  thickness.   The  l.eaiy    line  shows   the   limitation  of  vJJ 
based  i*i  a  ir.T  iinai  bsooass  concentration  and  on  ID,  *   7.S  inc/l 


reached  as  a  function  of  the  upstream  velocity  for  different  values  of  U)    and  for 
variable  thickness  of  the  biofilm.     The  intersection  between  the  straight   line  and 
the  curve  at  the  highest  distance  from  the  origin,   indicates  the  optumin  upstream 
velocity.     For  example,  a  DO,  -7.5  mg/1  corresponds  with  an  optimum  upstream  veloci- 
ty of  S3  m/hr,  and  a  maiumin  conversion  of  4.8  g  Ml, -N/1 1  . d.      It  can  also  be  derived 
from  this  figure  that  the  higher  the  amount  of  dissolved  oxygen,   the   lower  the  up- 
stream velocity  and  therefore  the  lower  the  recirculation  flow. 

The  optimum  height 


(with 


Suppose  a  cylindrical  reactor.      In  this  case  the  fo  inula   (9)  can  be   trans  formed 
A  1 


IT 


)   to  : 


24 


no, 


ii 


4.33  x    1000  x   V" 


(10) 


So  Vq  can  be  expressed  as  a  function  of  U  and  this  for  different  upstream  velocities. 
To  each  upstream  velocity,  a  maximum  conversion  (V*)  corresponds,  based  on  the  maxi- 
mum biontass  concentrations   (Figure  S).     This  is  illustrated  in  Figure  9-Oiiite  renar- 
kable  is  the  tact  dot  the  upturn  height  of  the  reactor,  at  a  velocity  of  40  m/hr,    is  only 
24  cm.     Ttie  height  of  the  reactor  used  was  4S  cm.     As  mentioned  before,   at  a  velocity 
of  40m/hr  a  conversion  of  J, 9  g  N/lr.d  was  reached.     If  the  height  wa;  optimized  to 
24  cm  by  using  a  wider  reactor,    then  the  conversion  rate  could  increase  to  6.9  g  N7 
lr.d. 

Remarks 

The  computed  values  have  to  be  considered  as  indicative.      In  Fig-..ve  4  e.g.,  an 
average  biofilm  thickness  is  used.      In  reality,  the  biofilm  thickness  w ill    increase 
from  the  bottom  to  the  top  of  the  reactor.     Furthermore  the  maximum  b lotus  a  concen- 
tration was  calculated  with  a  given  density  of  the     biofilm,  and  this  density  can 
differ  a  lot  depending  on  the  origin  of  the  waste  water.     The  activit-    constants  of 
ririnanh  et  al.    (13)  are  the  third  factor  which  must  be   interpreted  with  care.    Indeed, 
the  activity  of  the  nitrifying  bacteria  strongly  depends  on  the  envii  ,-:a-.ental  condi- 
tions and  these  values  are  therefore  approximative.    Nevertheless  tin    :i>.hJ  correspon- 
dence between  the  experimental   results  and  the  theory,  especially  wit*    icjiaid  to  the 
oxygen   I  lrait.it  ion,    indicates  that    the  overall   approach  is  quite  valid. 

It  is  also  clear  that  the  height  calculated  here  is  the  minimi:  .->  tul  height. 
For  practical  reasons,  such  as  washout,  short-circuiting  currents,  tic  real  height 
will  be  somewhat    larger. 


All    data  relate  to  an  ambient    temperature  of  20JC.     Other   temper jt.ue-  will   gi.e 
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other  optimum  values,      tn  practice,  once  the  height  of  the  reactor  is  fixed,   the  op- 
tima velocity  will  be  determined  using  graphs       similar  to  those  in  Figure  8. 


CONCLUSION 

The  fluidised  sandbcd  reactor  provides  a  good  alternative  to  nitrify  the  Ml.-N 
of  waste  waters.     Due  to  the  high  conversion  rates  tup*  to  ten  tunes  higher  than  normal 
active  sludge  systems  I   the  reactor  will  be  very  snail.     Because  the  biomass   is  in  a 
concentrated  form  attached  to  the   sand,  no  secondary  clarifiers  are  necessary.     How- 
ever a  system  is  needed  to  detach  the  surplus  sludge  from  the  sand.     The  use  of  air 
requires  a  high  recirculation  of  the  water,  but  this  method  seems   to  be  a  belter  ap- 
proach than  aerating  with  pure  oxygen.     From  the  Figures  8  and  9,   the  o|>tinua  veloci- 
ty and  optimum  height  of  the  reactor  can  be  calculated.     This  reactor  kill    ui  essence 
be  shallow  and  wide.     Further  research  is  necessary  to  explore  the  practical   impli- 
cations of  these  laboratory  studies. 
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A    detailed  study  of  this  wcrk   is  available  entitled  "CeactiveerJ 
in  een  gefluldiseerd  en  geexpandeerd  bed"  (14). 
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Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

The  presence  of  nitrates  in  groundwater  and  surface  water  represents 
one  of  the  major  risks  for  public  health.  Indeed,  conventional  methods 
for  the  production  of  drinking  water  do  not  remove  nitrate.  Hence,  there 
is  a  strong  demand  for  new  methods  to  selectively  remove  nitrate  from 
drinking  water. 

A  new  reactor  type  has  been  developed  for  microbiological  nitrate 
removal  with  H,  as  the  reductant.  The  reactor  is  equipped  with  poly- 
urethane lamellae  as  the  support  matrix  for  the  autotrophic  H2  oxidizing 
microorganisms.  Hydrogen  is  diffused  in  a  downflow  column  In  counter- 
current  with  the  nitrate  loaded  water.  To  improve  the  efficiency  of 
gas  transfer,  the  residual  Hj  in  the  gasphase  is  recycled.  The  partially 
denitrified  water  subsequently  enters  an  upflow  column,  where  in  the 
lower  part,  the  residual  dissolved  H2  is  exhausted  and  the  remaining 
nitrate  and  nitrite  reduced.  In  the  upper  part,  the  water  is  reaerated 
and  through  nitrifying  bacteria  purified  from  intermediary  nitrogenous 
compounds.  The  whole  system  is  operated  at  a  pressure  of  1  bar. 

This  process  is  attractive  in  the  treatment  of  drinking  water  because 
nitrate  is  selectively  eliminated.  Hydrogen  is  completely  harmless  to 

potable  water  and  in  contrast  to  substrates  such  as  methanol  or  ethanol, 

r.o  further  steps  are  needed  to  remove  residual  organics . 

A  pilot-plant  (50  mJ/d)  is  built  in  a  water  production  centre  where 
drinking  water  is  produced  out  of  surface  water.  The  efficiency  is 
compared  with  an  operational  fluidised  bed  and  fixed  bed  reactor,  both 
with  methanol  as  the  reductant. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

Laboratory  studies  have  confirmed  the  technological  and  economical 
feasibility  of  this  process.  Autotrophic  reaction  rates  are  relatively 
low  compared  to  heterotrophic  conversions.  Therefore,  the  lamellar 
polyurethane  matrixes  characterized  by  a  high  specific  area  {>  1000  m2 /m3 
provide  high  biomass  densities  of  more  than  10  kg  VSS/m3 reactor .  The 
production  of  excess  biomass  is  very  low  (0.3  kg  DW/kg  NO3-N) .  The 
specific  NO3-N  removal  rate  of  the  hydrogenotrophic  biomass  amounted 
0.25  kg  NO^-N/kg  VSS.d  (20  °C) .  Maximum  denitrif ication  rates  of 
1.75  kg  N03*-N/ra3  total  reactor. d  were  achieved  at  20  "C  for  water 
containing  15  mg  NO3-N/I.  By  recycling  the  gasphase,  the  efficiency 
of  Hj  transfer  is  increased  up  to  75  % .   This  reduces  the  operating 
costs  which  amounted  2  BF/mJ  of  denitrified  water. 
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The  pilot  plant  will  be  realised  at  the  water  production  centre 
"De  Blankaart",  Woumen,  West-Vlaanderen,  in  cooperation  wj.th  the 
V.M.W.-Vlaamse  Maatschappij  voor  Watervoorziening.  The  plant  will  be 
operational  in  May  '88. 
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Scheme  of  the  denitrif icacion  reactor 

I.  Denitrif ication  reactor    II.  Post-denitrif ication  reactor 

III.  Nitrification  reactor    1.  Nitrate  loaded  water    2.  Poiyurethane 

lamellae    3.  Hydrogen  diffusor    4.  Gas  recirculation    5.  External 

hydrogen  dosage    6.  Gas  recirculation  pump   7.  Air  diffusor 

8.  Denitrified  aerated  water 
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Hydrogen  can  be  used  as  non-polluting  and  non-toxic  reductant  to  reoove  nitrate  from  ground  and  surface 
water  in  the  process  of  drinking  water  production.   Denitrif ication  with  H,  gas  has  been  studied  in  a  r«w- 
tor  containing  microbial  biomass  fixed  on  polyurethane  matrixes.   Nitrate  loaded  water  -nters  at  the  tcp 
of  a  downflow  column  and  moves  through  the  reactor  in  countereurrent  with  the  upwards  rising  H,  gas.  The 
water  subsequently  enters  an  upflow  column.   In  the  lower  part  of  the  second  column,  the  residual  dissolvd 
Hj  is  exhausted  and  the  remaining  NO^-N  and  NO^-N  reduced.   In  the  upper  part  of  the  second  column  the  m- 
ter  is  reaerated  and  through  nitrifying  bacteria  attached  to  the  carrier  matrix,  purified  from  intermediary 
products  ib  MoJ'-N.   Conditions  have  been  optimized  for  nitrate  removal,  H.  transfer  and  biomass  accumula- 
tion.  For  water  containing  15  rog  NoI-N/1  removal  rates  of  0.5  g  N/1  total  reactor. day  are  reached  at  20  C. 
The  efficiency  of  H,  transfer  amounts  to  50  -  55  >.  This  denitrif ication  system  gualifies  as  a  safe  and 
extensive  method  to  remove  nitrate  from  drinking  water. 


Lithotrophic  denitrif  ication  ,- 

water;   nitrification. 


demtrification;   hydrogen;   gas  recirculation;   polyurethane;   drinking 


INTRODUCTION 

During  the  last  decade,  the  presence  of  nitrate  in  ground  and  surface  waters  has  become  of  increasing  con- 
cern.  A  correlation  has  been  shown  between  intensively  cultured  land  and  high  nitrate  content  m  the 
sources  of  water  supply  iDe  Brabander  .and  Lanpau,  1086;   Tlminortn.ins  ,  I083J  ■   (Herat*  Loaded  water  :sed  for 
drinking  water  production  can  :ause  health  problems  (Coaly,  IMS;   Fraser  and  co-workers,   IDAOj   Jensen, 
19821  .   The  World  Health  Organisation  iW.H.O.)  and  the  European  Economical  Community  .E.E.C.!  have  s«« 
guidelines  and  limits  for  the  nitrate  and  nitrite  content  in  drinking  wacer  iTable  11  iGermcnpre,  l?S5i. 


TABLE  I   standards  for  Nitrate  and  Nitrite  Content  in  Prinking  Water  is  lisf-i  by  the 
'.J.H.O.  and  -.he  E.S.C. 


Nitrate 
Oil 


(mg  NO, -N/1) 
tIAC** 


Nitrite   (mg  MO; -N. 
GL*       "AC** 


W.H.O. 
E.E.C. 


I  19341 
'.1980) 


.30 
.65 


j.  ;.' 


*  GL  •  Guideline 

•*  MAC  «  Maximum  Acceptable  Concentration 

Conventional  methods  for  the  production  of  drinking  water  do  not  remove  nitrate.   Hence,  in  recent  years 
methods  have  been  sought  to  remove  nitrate  from  ground  and  surface  waters.   Physical  and  chemical  methods 
for  nitrate  removal,  such  as  ion  exchange,  reverse  osmosis  and  e Lectrodialysis,  have  -he  J.  is.arivant  5oe  of 
being  net  selective  for  the  nitrate  ion.   This  gives  problems  in  case  the  water  Is  rich  m  athat  ion*,  e.g. 
sulynate.   They  furthermore  produce  residual  nitrate-rich  concentrates  IS.VW -rapport,  '.  v:4.   v.an  '»r  :':-_>-.. 
;  ■"•  41  .   Biological  denitrif  ication  is  based  on  the  capacity  of  certain  microorganisms  to  reduce  -iitrate  ts 
jimtrogen  gas.   Depending  on  the  use  of  an  orgamc'or  tnorganic  source  of  reducing  equivalents,  one  iis- 
tinguishes  organotrophic,  resp.  lithocrophic  demtrification.   Methanol  is  the  most  commonly  quoted  carbon 
source. 

Vhe  biological  process  examined  in  this  study  is  based  on  Llthotrophie  denier  if  Ication .   Inoroani-  -ICO,- 
lons  and  carbonic  acid  dissolved  in  the  water  are  used  as  C-source  and  H.  gas  acts  as  the  reducing  agent. 
Under  conditions  where  the  concentration  of  dissolved  oxygen  is  low  or  zero,  nitrate  3cts  as  the  electron 
acceptor.   The  chemical  reactions  of  the  nitrate  reduction  can  be  schematized  as  follows  : 
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(eq.  3) 


Several  reactor  configurations,  such  as  suspended  bed,  fixed  bed  and  fluidized  bed  can  be  applied  for  bio- 
logical Jenitrification  'Gauntlett,  1981).   In  this  study,  a  fixed  bed  reactor  with  polyurethane  (PU)  spon- 
ges as  carrier  material  for  the  microbial  biomass  »as  used.   The  high  specific  area  and  high  porosity  of 
the  sponges  permit  a  good  biomass  growth  and  adherence.   The  sponges  are  fabricated  of  reticulated  poly- 
urethane foams.   The  two  mam  compounds  of  these  f:nms  are  polyLsocyanate  and  polyol.   Depending  on  the 
sort  of  polyol  -  polyesterpolyol  or  polyetherpolyol  -  one  distinguishes  polyescrpolyurethane  (PU-S)  resp. 
polyetherpolyurethane  (PU-T).  The  PU-T  sponges  are  mostly  used  in  water  treatment.   The  pore  sine  of  these 
sponges  can  be  regulated  between  lO  -  IOO  pores  per  inch.   The  density  varies  between  26  -  32  kg/m'  and 
the  porosity  fluctuates  around  97  %    (Recticel,  L986) . 

MATERIALS    AND   METHODS 

Reactor  System  1 

The  experimental  reactor  is  composed  of  two  plexiglass  tubes  with  a  total  height  of  2  m  and  an  internal 
diameter  of  44  mm  (Fig.  1).   The  reactor  consists  of  a  downflow  and  an  upflow  column.   The  columns  are  in- 
terconnected and  filled  with  polyurethane  sponges  (5)  which  allow  accumulation  of  the  microbial  biomass. 
The  gas  is  introduced  at  the  bottom  of  the  downflow  column  (■  denitrif icatlon  reactor  ■  DNI  (4)1  at  a  rate 
of  0.13  I/cm'  cross  section. min  or   2  1/min  unless  otherwise  indicated.   The  mean  diameter  of  the  gas- 
buobl,es  in  the  DNt  is  5  mm.   Tap  water  (!)  and  a  concentrated  sodium  nitrate  solution  (2)  are  continuously 
fed  at  the  top  of  the  DNI  by  means  of  a  peristaltic  metering  pump  (3)  (Verder)  .  The  denitrifying.  Microorga- 
nisms attached  in  the  carrier  matrix  transform  nitrate  to  dinitrogen  gas  using  the  upwards  diffusing  H, 
gas.   The  non-consumed  H,  and  the  produced  M;  are  recycled  (12)  through  a  gascolumn  (13)  by  means  of  a 
gastight  pump  (Verder)  back  to  the  DNI.   In  the  lower  part  of  the  upflow  column  [■  post— Jenitrif ication 
reactor  ■  DN 2  (6)),  the  remaining  nitrate  and/or   nitrite  nitrogen  are  further  removed  microbiologically , 
thus  exhausting  the  residual  dissolved  hydrogen.   Finally,  the  water  enters  the  upper  part  [»  nitrification 
reactor  (71),   where  it  is  reaerated  to  assure  a  ainienim  dissolved  oxygen  level  of  4  mg,  1 ,  which  allows 
nitrifying  bacteria  to  remove  hazardous  residual  nitrogeneous  intermediates  such  as  nitrite. 

At  the  start  of  the  tests,  the  gasphase  in  the  closed  gasclrcult  is  flushed  till  100  '  H,  is  attained. 
The  gasphase  is  in  balance  with  the  atmospheric  pressure.   According  to  the  overall  Jenitnf  iratnn  reac- 
tion !eq.  3),  the  reduction  of  23  g  NO.-N  consumes  5  moles  of  H,  and  produces  1  mole  of  N, .   This  leads 
to  a  decrease  of  the  total  gasvolume.   Moreover,  N.  dissolves  better  in  water  (csN,  *  17.4  mg  ■' I  iit  20"C) 
than  H,  (csH,  •  1.5  mg/ 1  at  20°C) .  As  a  consequence  ienitrif ication  creates  an  under-pressure .  To  prevent 
this,  the  H,  consumed  is  constantly  refilled  from  the  gasreservoir  (16). 


Fig.  1.   Denitrif ication  reactor  with  gas  recirculation 

1.  Tap  water   2.  Sodium  nitrate  solution    3.  Peristaltic  metering  pump 
4.  DNI  (-=denitrif  ication  reactor)    5.  Biomass  carrier  matrixes    6.  CTI2 
(w  post-demtrif ication  reactor)    7.  Nitrification  reactor    9.  Air  iiffuser 
9.  Airpump    10.  Denitrified  aerated  water    11.  Water  seal    12.  Gas  recir- 
culation   13.  Gascolumn    14.  Suffertank   IS.  Gaspump   16.  Gasreservoir 
17.  Sampling  point    18.  Gas  sampling  point    19.  Flushing  point 


The  total  reactor  (■ 
4.26  1 


DNI  *  DN2  »  Nitrification  reactor!  has  a  volume  of 
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Nitrate  removal  (ram  dunking  water 

The  reactor  contained  3  different  types  of  PU  sponges.  I.e.  PU-T1C.   PU-T30  and  PD-T45.   The  characteris- 
tics of  these  sponges  are  described  in  Table  2.  The  PU  was  provided  in  the  forn  of  cubes  with  1  citi  rib, 

TABLE  J  Characteristics  of  the  P'J  Sponges  in  the  Seactor    (Recticel,   1996) 


Pores  per  inch 

Pore  diameter  (mm) 

Wire  thickness  (tun) 

Wire  per  cm1    sponges  (cm/cm1] 

Specific  area  (».'/■') 


10 

30 

45 

2.19 

0.97 

0.56 

254 

140 

65 

61 

309 

10CO 

488 

1375 

2057 

The  bottom  layer  of  the  DN1  consisted  of  140  cubes  PU-T10.   The  upper  part  was  composed  of  307  cubes  FU-T3Q 
and  396  cubes  PU-T4S.  The  DN2  contained  12  cubes  PU-T10  at  the  bottom  and  rasp.  32  ind  295  cubes  PU-T30 
and  PU-T45  in  the  upper  part.   Finally,  the  nitrification  reactor  was  filled  with  473  cubes  PU-TI5.   As  ■ 
whole,  a  40  \  of  the  reactor  volume  was  occupied  by  polyurethane  matrix.   The  surface  at  the  outside  if  the 
cubes  was  242  m;  .  m'  reactor,  the  total  surface  (outside  ♦  inside)  of  the  cubes  amounted  to  7!4  m'.m'  reac- 
tor. 
The  characteristics  of  the  incoming  water  are  summarized  in  Table  3. 

TABLE  3  Characteristics  of  the  Incoming  Water  of  the  Oenitrlf ication  Reactor  Svstem  I 


pH                           -  7.4-7.6 

Dissolved  oxygen  (DO)        mg/1  R  -  i: 

Temperature                 "C  12-20 

Total  hardness              *F  38  -  47 

Ca'*                       mg/1  127  -  150 

Total  alkalinity  (TAM)        meg/ i  4.8-5 

Total  dissolved  salts        mg/1  4O0  -  420 

No7-N                        mg/ 1  50 

N0,"-N                       mg/1  0 

NHt-N                       mg/1  0 

To  start  up  the  reactor,  the  water  entering  was  enriched  with  minerals  i.e.  pnosphorous,  magnesium  and  iron 
to  provide  sufficient  nutrients  for  the  establishment  of  the  denitrifying  biomass.   The  water  was  also  see- 
ded with  a  culture  of  Alcaliqenes  eutrophus  ATCC  17697,  a  denitrifying  microorganism.   The  nitrification 
reactor  was  seeded  with  an  enrichment  of  nitrifying  bacteria  obtained  from  soil  and  surface  water.  During 
the  experiments   10O  mi  soil  extract,  obtained  by  filtering  10  g  of  soil  in  I  1  of  tap  water,  was  daily 
added  to  the  influent  as  a  source  of  minerals  for  the  microorganisms.   The  excess  sludge  m  the  DHl  was 
weekly  removed  by  turbulent  air  injection  (10  1/mm  or  0.66  l/cm*  cross  section. aim)  during  20  minutes  and 
subsequent  drainage  of  the  biomass  detached. 

Reactor  System  2 

The  same  reactor  configuration,  as  shown  in  Fig.  1,  was  used.   However,  the  re.ictor  was  equipped  with  strips 
instead  of  cubes  of  PU  sponges.   The  properties  of  the  used  strips  PU-T30  ire  similar  to  these  of  the  cubes 
PU-T30,  mentioned  in  Table  2.  The  carrier  matrix  occupied  ra .  44  \   of  the  volume.  The  surface  at  the 
outside  of  the  strips  amounted  to  230  or  .  m'  reactor,  the  total  surface  (outside  •  inside)  of  the  strips  was 
about  600  in' ,  m'    reactor. 

For  a  first  series  of  experiments,  hard  water  as  characterized  in  Table  3  was  used  as  influent,  except  for 
the  NO7-N   concentration  which  amounted  to  15  Instead  of  50  mg  H/l,   For  a  second  series  of  tests,  soft 
water  with  the  characteristics  listed  in  Table  4  has  been  used.  The  reactor  was  started  and  operated  in 
the  same  way  as  mentioned  before  for  reactcr  system  1,  only  that  Na,HP0*  (1.1  mg  P/l)  was  added  as  an  extra 
P-source  instead  of  the  dally  addition  of  10O  ml  soil  extract. 

TABLE  4    Characteristics  of  the  Soft  Wacac  as  Influent  for  the  Deni tr if icacion  Reactor 
System  2 


pH 

Dissolved  oxygen    (DO) 

mg/i 

Temperature 

•c 

Total   hardness 

- 

Ca" 

mg/i 

Total   alkalinity    !TAM) 

meg/  . 

Total  dissolved   salt3 

mg/  1 

NOT-N 

mg/1 

rior-N 

raq/l 

MHS-N 

ircg/  1 

fi .  | 

-  6.4 

a 

-    11 

12 

-    20 

LB 

-    22 

58 

-   66 

1  .6 

_    1  _  - 

15 

0 

0 
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Analytical  [Methods 

The  pH  was  measured  potent  lometricaliy  with  a  RADIOMETER  p(IMJ2 .  The  nitrate  concentr  it  Ion  w-is  let^rmined 
with  a  specific  ORION  nitrate  electrode  with  KAKSO,.),  as  background  electrolyte.  The  nicrite  concentra- 
tion was  determined  by  the  coloriaetric  method  of  Montgomery  and  Dymock  (1961).  The  dissolved  oxygon  (DO! 
was  measured  with  an  oxygen  electrode  I BECKMAM  Monitor  Systea  II).  Gas  analyses  were  performed  on  an  In- 
tersmat  IGC-120  MB  chromatograph  equipped  with  a  Hewlett-Packard  3390A  Integrator  and  a  dual  column  arran- 
gement of  Porapack  Q  (80  -  100  mesh)  and  a  molecular  sieve  5  1   to  separate  H.  from  N, . 

To  determine  the  dry  weight  (DW)  of  the  biomass  in  the  PU  sponges,  a  known  volume  of  the  colonized  sponges 
was  removed  from  the  reactor  and  dried  to  constant  weight  at  110"C.   Taking  into  account  the  total  amount 
of  sponges  in  the  reactor  and  their  uncolonized  dry  weight,  the  biomass  concentration  per  unit  of  reactor 
volume  was  thus  calculated.  The  Sludge  Volume  Index  (SVI)  was  determined  as  the  volume  (ml)  occupied  by 
1  g  of  sludge  after  30  min  of  sedimentation. 

The  denitrifying  biomass  was  microscopically  examined  using  a  Polyvar  IReichert-Jung)  microscope  equipped 
with  Interferentiort  Phase  Contrast.  The  bacteriological  quality  of  the  drinking  water  produced  was  regu- 
larly determined  on  specific  media.  Total  colony  forming  units  (CFU)  were  determined  after  a  growth  period 
of  3  days  At  37"C  on  Nutrient  agar  (Oxoid) .  Azide  dextrose  broth  lOifco)  was  used  to  grow  fecal  strepto- 
cocci for  3  days  at  37°C.  California  and  fecal  coliforms  were  determined  in  MacConkey  broth  (Difco)  after 
incubation  at  37"C  (3  days)  and  43  "C  (1  day)  respectively. 

RESULTS 

Process  Performance  of  Reactor  System  1 

First,  the  reactor  was  started  and  operated  without  recirculation  of  the  non-comumed  H,  gas.   At  the  bot- 
tom of  the  ONI,  pure  hydrogen  was  gradually  bleeded  from  a  gasreservoir  at  constant  pressure  and  constant 
flow.  The  rate  of  gasin^ection  amounted  to  8.9  1  H,/l  total  reactor  (lr  tot) .d  (where  total  reactor  -  DNl 
♦  DN2  *  Nitrification  reactor).   Tap  water  (characteristics  mentioned  in  Table  3)  containing  50  mg  K/l  ente- 
red the  DNl.   Steady  state  conditions  were  reached  about  5  weeks  after  imposing  the  process  conditions.  At 
a  volumetric  loading  rate  of  0.5  g  N/ lr  tot.d,  the  efficiency  of  nitrate  removal  amounted  to  80  -  100  1 
considering  a  total  retention  time  of  144  min.  The  efficiency  of  Rl    transfer,  calculated  from  the  experi- 
mental data  and  the  overall  denitrif  Ication  reaction  (eg.  31,  was  found  to  vary  from  15  to  20  ". .  Table  5 
shows  the  composition  of  the  water  for  the  different  reactor  zones. 

TABLE  5  Composition  of  the  Water  for  the  Different  Reactor  Zones,  at  Steady  StJteCendi- 


tions 

in 

Reactor   Svstem 

wi 

thout   Gas    Rec 

t  -■ 

"ulation 

Influent 

Effluent 
DNl 

Effluent 
DN2 

Effluent 
total    reactor 

N07-N 
N07-N 

pH 
DO 

(«ig/lj 
lmg/l) 
(-) 
(mg/1) 

SO 

0 
7.4    -   7.6 

8-11 

15 

5-10 

8.5    -   3.9 

1.0 

0-5 

0-5 

8.9   -   9.4 

1.0 

0-10 

o 

9.0   -   9.5 

3.0 

The  denitrifying  biomass  attached  to  the  densely  packed  PU  support  matrix  amounted  to  20  g  DW, 1  renrtor  for 
the  DHl.   All  microbiological  analyses  of  the  effluent  were  negative  for  total  collforms.  focal  collforms 
and  fecal  streptococci.   The  total  number  of  CFU  ranged  from  10'  -  lo\  ml  final  effluent. 

In  a  separate  experiment,  the  reactor  was  operated  under  the  same  conditions  but  the  H,  iosaae  was  gradual- 
ly decreased  to  observe  the   effect  on  the  overall  removal  rate.   As  the  H,  supply  was  lowered,  a  3trong 
accumulation  of  NO, -N  was  observed  in  the  effluents  of  DNl  and  DM2,  yet  rhe   N07-N  was  totally  converted  ro 
NO, -N  during  the  nitrification  phase.   The  decrease  in  efficiency  of  denitrif Ication  ar  the  lower  rat=s  of 
Hj  reflect  the  importance  of  the  diffusion  of  the  reductant  Into  the  biomass  layer  (Fig.  2! . 

In  a  second  3eries  of  tests,  the  gasphase  was  constantly  recirculated  through  the  reactor.   At  the  ;nset, 
the  gasphase  was  flushed  till  100  i  H,  was  attained.   The  operating  conditions  for  the  different  reactor 
zones  during  this  experiment  are  summarized  in  Table  6.   The  total  liquid  flow  amounted  20  l.'d  for  an  influ- 
ent containing  30  mg  N/l.  Daily  10  1  H,  were  applied  from  the  gasreservoir  te  maintain  a  total  pressure  of 
101.3  kpa  in  the  gascircuit. 

Figure  3  shows  the  evolution  of  the  nitrate  content  for  the  different  reactor  zones.   From  lay  :  till  I 
all  nitrate  was  removed  in  DM1  and  DN2,  but  from:  day  4  on  a  slow  increase  of  nitrite  was  observed  in  the 
effluent  of  DNl  and  DN2  (Fig.  4) .   During  these  6  days,  the  percentage  H,  in  the  aasDhase  decreased  from 
100  to  95  -  82  %. 

From  day  7  on,  the  nitrate  removal  dropped  very  rapidly  to  70  \  in  the  DNl  and  to  80  *  In  the  total  reactor. 
At  the  same  time,  nitrite  accumulated  in  DNl  and  DM2  (Fig.  41.   Yet.  the  latter  was  completely  reconvert 
to  nitrate  in  the  subsequent  nitrification  reactor.  The  percentage  H,  in  the  gasphise  decreased  to  75  -  30 
I  and  stabilized  from  day  7  onwards.   Till  day  6,  the  efficiency  of  the  nitrate  removal  was  100  '  ind  the 
efficiency  of  H,  transfer  fluctuated  around  39  -  40  ».   From  day  7  onwards,  these  values  decreased  to  60   ' 
and  25  \  resp.   During  the  whole  testrun,  M,0  was  not  detected  in  the  gasphase.   Figures  5  ind  6  show  the 
efficiency  of  nitrate  removal  and  H.  gift  for  respectively  PN1  and  the  total  reactor. 

CD  the  upper  part  of  the  DNl,  facultative  anaerobic  microorganisms  develop  and  consuw*  the  DO  in  the  efflu- 
ent as  electron  acceptor.   When  the  DO-value  drops  below  1  mg/1,  denitrif ication  starts.   Aft?r  nitrifica- 
tion, a  well  aerated  water  is  produced  with  a  DO  level  of  7  -  8  rag/ I .   Due  to  denitrif ication  In  the  DNt 
and  DN2.  the  pH  increases  up  to  8.4  -  9.9.   Nitrification  suosequently  decreases  the  ?H  to  3.0  -  8.2. 
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fig.    2.      Effect  of    the   H1    dosage   on    the  efficiency  of   nitrate   removal    foe   water   contai- 
ning  50  mg  N0,-N/1  and  at  a  volumetric    loading   rate  of  0.5   g  NO, -N/1 r   tot.d 

TABLE  6      Operating  Conditions    for   the   Different   Reactor   Zones    in   Reactor   System    1 


Total   reactor' 


Nitrate   loading   rate 

(g  NoT-N/1    reactor. d) 

Hydraulic   retention   time    OH) 
[mini 


0.46  0.33 

154  218 


0.20 
353 


ONtot    -    DN1     »    DN2 

Total   reactor   =   0N1    *    DN2   *   Nitrification   -eactor 


riO 


mg  NO; -N/1 


* 


5D     -■ 


40      -- 


30      -- 


20     ■■ 


Ifl 


o    influent 
+   affluent  ON, 
a   effluent  ON, 


f       *   0   affluent  total  reactor 


a a- 


I 
I 


rig.  3.   EvoLuTii.cn  of  the  N03 -N  content  for  the  different  reactor  zones  in  reactor 
system  1 
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4.   Evolution  of  the  MO, -H  content  for  the  ONI  and  DN2  in  the  reactor  system  1 


o    X   nitrate  removal 
+   X  H, -transfer 


Fig.  5.   Efficiency  of  nitrate  removal  and  H,  consumption  For  DNl  in  reactor  system  1 

A  biomass  yield  factor  !Y  -  kg  biomass  (DW)/kg  substrate  removed  (CODM ,  was  calculated  from  the  QW  of  the 
excess  sludge  weekly  removed  (■  biomass  growth  per  week)  and  the  amount  of  H,  used  for  demtnfication 
in  one     week  (expressed  as  CODI  .   Thus,  ca.  0.4  kg  biomass  DW  was  formed  per  '<g  COD  removed.   Due  to 
this  high  cell  yield  several  difficulties  arose.   The  biomass  accumulated  very  fasc  in  and  on  the  PU  rubes. 
.Hence,  the  diffusion  of  NO, -N  and  H,  to  the  innerside  of  the  cubes  was  hindered. 

Another  problem  was  the  obstruction  of  the  flow  through  of  the  water  and  the  gas  in  the  reactor.  Due  to 
the  growth  of  the  biofiim  round  the  cubes,  the  initially  separated  cubes  tended  to  "glue"  together.   This 
invoked  the  formation  of  preferential  channels  of  the  water  and  gas  which  strongly  affected  the  overall  ni- 
trate removal  capacity.   Microscopical  examination  of  the  removed  sludge  revealed  that  the  denitrifying 
biomass  existed  of  rods  and  filamentous  bacteria,  also  protozoa  were  present.   The  following  bacteria  wore 
identified  as  true  denitrifiers  :  Pseudomonas  rcaltophilia  and  Pseudomonas  putref aciens.   The  removed  sludge 
was  white  and  good  flocculating  and  had  a  SVI  of  54  Bl/g  suspended  solids. 

Withholding  the  daily  addition  of  10O  ml  soil  extract  to  the  influent,  led  to  a  decrease  of  only  :5  ■  !0  ( 
titrate  removal.   This  indicated  a  mineral  deficiency  for  the  growth  and  maintenance  of  the  denitrifying 
biomass  when  only  nitrate  enriched  cap  water  was  fed. 
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Fig.  6. 


Efficiency  of  nitrate  removal  and  H,  consumption  for  the  total  reactor  in  the 
reactor  system  1 


Process  Performance  of  Reactor  System  2 

The  operating  conditions  for  the  different  reactor  zones  are  described  in  Table  7  for  a  water  containing 
IS  mg  N/1.   The  liquid  flow  amounted  to  72  1/d. 

TABLE  7   Operating  Conditions  for  the  Different  Reactor  Zones  in  Reactor  System  ^ 


Total  reactor** 


Nitrite    loading   rate 

i.g  NO,  -N/1    reactor. d] 

Hydraulic  retention  tine 
(min) 


o.so 


■13 


0.35 


61.5 


0.25 


88 


*   DNtot  -  ONI  *  DN2 

•*  Total  reactor  -  DN1  *  DN2  +  Nitrification  reactor 

At  the  start,  the  total  gasphase  was  flushed  till  LOO  *  H,  was  attained, 
plied  from  the  gasreservoir . 


about  11  I  H,  were  sup- 


Hard  water.   The  test  was  started  with  hard  water  wltn  a  NO, -N  concentration  of  II  rig/ 1  descri- 
bed in  Table  3)  as  influent  for  the  denitrification  reactor.   Due  to  the  higher  water  flow  compared  to 
reactor  system  I,  the  friction  of  the  water  on  the  biofilm  was  more  intensive.  Concomitantly,  more  biomass 
rfas  washed  out  with  the  regular  water  flow.   The  excess  bicmass  which  had  to  be  removed  after  scouring, 
amounted  to  0.15  -  0.20  kg  biomass  DW/kg  COD  removed.   Weekly   sludge  removal  prevented  clogging  of  the 
reactor.  Nevertheless,  after  3  £ew  weeks,  the  test  had  to  be  stopped  due  to  clogging  on  the  CN1  cy  CaCO,- 
precipitation  on  the  PU  carrier  material.   Denitrif ication  did  increase  the  pH  of  the  effluent  of  the  PN  1 
to  8.8  -  8.9.   As  a  result,  rhe  saturation  index  rose  to  1.6  -  1.8  as  determined  by  the  monogram  cf  Hoover 
and  the  formula  of  tanglier  (Van  Haute,  1973).   Hence,  about  5  q   CaCO,  per  day  sedimented  on  the  PU  strips 
in  the  DNl. 


Soft  water.   New  ?U  strips  were  mounted  to  the  DNl  and  the  test  was  repea 
Table  41  as  influent.   During  the  first  week,  '.CO  ml  of  a  culture  of  Alcaiigenes  eu 
daily  added  to  the  influent.   After  a  growth  period  of  1.5  weeks,  the  efficiency  cf 
'.00  >  in  the  ONI  without  nitrite  accumulation.   The  *  H,  in  the  gasprtase  decreased 
and  stabilized  from  then  onwards.   The  efficiency  of  the  H,  consumption  fluctuated 
A  maximum  nitrate  loading  rate  of  1  g  N/ 1  reactor. d  in  the  DNl  or  0.5  g  N/lr  tot.d 
liquid  flow  amounted  to  1-12  )./'d  and  the  retention  time  was  22  min   and  43  min  in  the 
reactor  resp.   Daily,  about  16  1  H,  were  supplied  from  the  gasreservoir.   Under  the 
nitrate  removal  efficiency  reached  to  100  *  in  the  DNl.  without  nitrite  accumuiatio 
phase  dropped  to  62  -  68  >  within  2  days  and  stabilized.   The  efficiency  of  the  H, 
50  -  55  4.   The  biomass  yield  factor  amounted  0. 1  -  0.15  kg  DW/kg  COD  removed. 


ted  with  soft  water  (se 
trccnus  ATCC  1"697  was 


nitrate  removal  reached 
in  3  lays  to  62  -  66  < 
around  40  -  45  i . 
was  obtained.   The 

DNl  and  the  total 
se  conditions,  the 
r.  The  »  H,   in  tie  gas- 
ccnsumption  -amounted  to 

The  sludge  removed  had 
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j  3VI  of  47  mi/g  suspended  solids  and  the  denitrifying  biomass  attained  a  concentration  12  aDW/l  reactor 
in  the  ONI.  Bacteriological  analyses  on  the  effluent  gave  negative  results  with  regard  co  total  ooii- 
bacterla,  fecal  coli-bacteria  and  fecal  streptococci.  The  number  of  viable  cells  was  25. 10' /ml  and  the 
total  amount  of  Pseudononas  spp.  fluctuated  around  10' .  ral . 

DISCUSSION 

Biolcinetics  of  the  H,    Uptake 

Solubility  of  H, .  Taking  into  account  Henry's  law  : 

c   "  a  .  p  (eq.  4) 

where  c   *  saturation  concentration  of  the  gas  in  water  (ml/1) 
s 

t  ■  coefficient  of  absorption  (ml/1)  ar  101.3  kPa 

p  -  partial  pressure  of  the  gas  in  the  gasphase  fata) 


and  the  gas  law  i         p  V      pV 

o  o 


—  <«,.  5) 

o 

where   Vq  .  22.4l  1  (volume  of  1  mole  of  gas  at  STP) 

STP  *  Standard  temperature  and  pressure 

with  T   -  273  °K 
o 

p     =101.3    kPa 
ro 
V        *  volume  of    t   mole  of  gas  at  T    (K)    and  p    (atm) 

the   solubility  of   H,    in   the;   DNl    is   calculated.      Table  3   gives   the   solubility  of   H,    at    the   top  of    the   DN1    in 
relation   to   its   partial   pressure   and   the    temperature.      The    total    pressure   of  the   gasphase   amounts   to    101.3 
kPa. 


TABLE   9     Solubility  of   H,     (mg/1)    at   the   Top  of   the   DNl 

in   Relation   to    its 

Partial    Pres- 

sure   and   the   Temperature 

T    CO      PH"     'kPal           10'13               50,65               70,91 

81.04               91.17 

101.30 

10 
20 


0.19 

0.96 

1.35 

1.54 

1.77 

1.93 

0.17 

0.85 

1.19 

1.36 

1.53 

1.70 

o.is 

0.75 

1.06 

1.21 

1.37 

1.52 

0.  14 

0.69 

0.97 

1.10 

1.24 

1.38 

TABLE 

9 

Solubi 

lity  of 

H 

i ma i  1 ) 

at 

the 

3o  t  torn 

j 

I  che 

DNl    in   Relation 

to 

its 

Part: 

L«l 

Pressure    tnd 

■  :;- 

Temoeracur" 

T    ( 

°C> 

pa, 

(kPaj 

lO. 

13 

SO 

.63 

0 

.  >1 

SI. 04               91 

.  17 

101. 

a 

0 

10 
20 

:0 


0.22 

1.11 

1.55 

1  .77 

1.99 

2 .  J2 

0.19 

0.98 

1.37 

1.57 

1.76 

1.96 

0.17 

0.88 

1.23 

1.41 

1.58 

1  .76 

0.16 

0.79 

1. 11 

1.27 

1.43 

1.59 

Diffusion  of  H,  in  water  and  in  the  biofilm.   Williamson  and  Mccarty  (1976)  developed  a  theoreti- 
cal model  of  substrate  utilization  by  bacterial  biofilms.  The  model  is  based  on  two  concepts  :  substrate 
diffusion  from  an  aqueous  phase  into  the  biofilm  and  microbial  transfer  of  che  substrate  in  tne  biofilm. 
This  biofilm  model  can  be  used  only  when  a  single  species  (either  electron  donor  or  electron  acceptor)  ls 
both,  flux  and  substrate  limited  across  the  entire  biofilm.  Williamson  and  Mccarty  (1976]  presented  two 
relationships  for  determining  if  single  limitation  occurs. 

The  electron  acceptor  is  flux  limiting  if  : 

j a  .  Dcd  .  MWa     _  .  , 

Soa    ;  : ,„, .   •   Sod  (eq.  6) 

vd  .  Dca  .  KWd 

The  electron  acceptor  is  substrata  limiting  if  : 

Sea  <    *Sj    .  Scd  (eq.  7] 
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where   Soa,  Sod  =  electron  acceptor  and  -doner  concentration  In  the  bulk  liquid  (mg/ll 

Sea,  Scd  «  electron  acceptor  and  -donor  concentration  it  a  specific  depth  in  the  biof.lm  eg  I 

■a,  .d  ■  stoichiometric  reaction  coefficients  for  the  electron  acceptor  and  -doner 

Ksa,  Ksd  -  half-velocity  coefficient  for  the  electron  acceptor  and  -donor  tmg/l) 

Oca,  Ocd  •=  diffusion  coefficient  within  the  biofllm  for  the  electron  acceptor  and  -donor  lcm:  'dl 

MWa,  ;<Wd  *  molecular  weight  of  the  electron  acceptor  and  -donor 

If  it  is  assuaied  that  Lithotrophic  devitrification,  analogous  to  the  heterotrophic  denitrif ication  DClap- 

wijk,  I978i   Pitt  and  co-workers,  1981)  obeys  Monod  kinetics,  it  can  be  determined  whether  H;  is  substrate 

and/or  flux  limiting.  The  diffusion  coefficients  of  H,  and  NaNO,  in  water  are  4.15  cm-'  /d  and  1.9  cm'  d 

respectively  [Perry  and  Chilton,  1974) .   The  diffusion  coefficients  in  the  biofilm  are  approximately  0.9 
times  those  in  water  (Williamson  and  McCarty,  1976). 

For  the  lithotrophic  denitrif ication  : 


va 

= 

2 

V(J 

■ 

5 

M*a 

• 

62 

HWd 

» 

2 

Oca 

» 

1.71 

Dcd 

» 

3.73 

Ksa 

■ 

0. 1    (Rittman  and 

Dovantzisk,    1983! 

Ksd 

■ 

0.OO17 

-  0.0054    1 Conrad   and 
Seller,    1981 

With  an  influent  concentration  of  50  mg  N03-N/1  or  221  rang  NO,/L  and  taking  into  account  the  solubility  Of 
H,  Eat  partial  pressure  -  101.3  kPa  and  T  *  20"C) ,  the  relationship  leq.  6)  does  not  hold  :  221  <      Al- 
so* H,  will  be  flux  limiting.   From  Soa  >>  Sod  and  Oca  ■  1/2  Dcii  it  can  be  expected  that  Sea  »  Scd.   So 
the  relationship  (eg.  7)  does  not  hold  either,  despite  the  high  affinity  for  H,  I  low  Ksd  value).   Hence, 
H.  will  also  be  substrate  Limiting,  even  when  its  Ksd  would  be  underestimated. 

With  an  influent  concentration  of  15  mg  NO, -N  or  66  mg  NO, /l,  the  relationship  (eq.  6)  does  not  hold  : 
66  <  41,  sc  Hj  will  still  be  flux  limiting.   Only,  for  the  lower  nitrate  concentrations,,  eq .  1   may  hold 
ar.d  consequently  H,  is  not  substrate  limiting. 

Ir.  general,  it  can  be  concluded  that  the  electron  donor  is  both  flux  and  substrate  limiting  under  the  expe- 
rimental conditions  studied  in  reactor  system  t.   When  the  \   H,  in  the  gasphase  dropped  to  HO  \,    H;  limited 
the  denitrif ication  of  the  high  nitrate  Loaded  water.   However,  the  eLectron  donor  is  not  substrate  Limi- 
ting under  the  experimental  conditions  studied  in  reactor  system  2.   H,  did  not  Limit  the  denitrif ication 
of  the  low  nitrate  Loaded  water*  even  when  the  %  H,  in  the  gasphase  decreased  to  65  \. 


Calculation  of  the  *_N^  in  the  gasghase  in  relation  to  the  amount  of  water  denitrified 
oer  LiLer  initial  H,  . 


M  H,  at  p   »  101.3  StPa 
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3    kPa 

.. 

- 
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y/////// 

// /  - 

cp  : 

a  I  H,0   lb  ma  NO, -N/1) 
stirrer  for  Homogenous  mixing 
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Situation  of  the  reactor  at  the  start  of  the  process 


In  principle,  the  reactor  (Fig.  7)  can  be  conceived  as  consisting  out  of  two  hydraul ical ly  ccnmunicating  ■•«■«- 
sels.   At  the  start,  the  jasphase  above  the  waterlevel  of  the  closed  vessel  is  filled  with  II,  ?as .  The  over- 
all denitrification  reaction  leq.  3)  shows  that  1  L  H,  is  sufficient  for  the  reduction  of  23 ""  .-rig  NO, -II  C 1 
0.199  1  N, ,  under  the  given  experimental  conditions  of  pressure  (101.3  kPal  and  temr>eratiir?  -'20'C'.  St  the 
start,  part  of  the  H,  gas  dissolves  in  function  of  its  partial  pressure  ipK.  •  101.3  <Pa).   This  dissolved 
H,  is  totally  consumed  by  the  denitrifying  microorganisms,  and  H.  builds  up.  Consequently,  the  oartial  pres- 
sure of  H,  will  decrease  and  the  total  gasvolume  above  the  waterlevel  will  decrease: consumption  of  5  moles  K, 
creates  only  1  mole  N,  and  csN,  (17.4  mg/ 1  at  20°C)  is  greater  than  csH,  II. 5  oo/l  at  20°C)  .   Less  H.  can 
dissolve  in  the  new  equilibrium,  compared  with  the  initial  situation.   The  partial  pressure  of  H;  will  sys- 
tematically decrease  till  zero  and  the  partial  pressure  of  N,  will  increase.   A  mathematical  model  which 
takes  account  of  these  phenomena  was  developed  as  follows  i 


plH,   .   csH,  .a   *  c\ 


(eq.  8)    At  the  onset,  the  -nass  balance  for  II.  b«twe*"i  Che 
gas-  and  waterphase  is  broupnt  in  equilibrium  due 
to  partially  dissolving  of  the  H,  Iri  «  ml  H..  dis- 
solved) 


Dofore  the  new  equilibrium  : 


(eq.  9)    AH  the  dissolved  H.  is  consumed  for  denitrification 
what  creates  the  build  up  of  N,  gas  I  si  «  ml  N. 
built  up) 


,eq.  10)   Due  to  denitrification  the  initial  -jasvolume  V   has 
:hanged.   V   is  corrected  for  the  total  amount  jf 
H,    gas  consumed  and  N,  gas  built  up  (VI'  =  ml  gas 
,     before  the  new  equilibrium) 
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pjtot  >  -3-  .  PQtot 


(eq.  11)  Due  to  the  decrease  Of  the  gasvolume  V  to  v! ' , 
total  gaspressure  Is  decreased  (p\  '  tot  *  total 
gaspressure  (kPa) ) 


PJN, 


x"l   x 


v; 


,1     .  pjtot 


(eq.  12)  The  build  up  or  N,  gas  creates  a  partial  pressure 
the  gasphase  of  N,  IpjN,  »  partial  pressure  of  N. 
IkPaM 


I    s  -  c.N,  .  p;N,  .a  ■  cj 
X"l   x     s  •    rl    ' 


13)   The  partial  pressure  of  N, ,  calculated  In  eq.  12 
brings  in  equilibrium  the  mass  balance  for  M. 
between  the  gas-  and  waterphase  (t:  »  ml  N,  in  the 
gasphase) 


After  the  new  equilibrium  has  been  reached 


vi    -    *h  sx  *  si    •  vi 


(eq.  14)   The  gasvolume  VT  ,  calculated  before  the  equilibrium 
is  corrected  for  the  amount  of  N,  in  the  gasphase 
after  the  equilibrium  (V;  «  ml  gas  after  the  new 
equilibrium! 


(eq.  IS)  Due  to  the  decrease  of  the  gasvolume  Vi1  to  v.,  the 
total  gaspressure  is  decreased  (pitot  *  total  gas- 
pressure  (kPa) ) 


p'in,    -  -*y-  .  pi  tot 


(eq.  16)   The  partial  pressure  of  H,  (pjN, ) ,  calculated  before 
the  new  equilibrium,  is  corrected  for  the  amount  of 
N,  present  in  the  gasphase  after  the  equilibrium 
(piN,  ■  partial  pressure  of  N,  (kPal) 


ti 


.100   «  Yi 


(eq.  17)   Taking  into  account  the  total  gasvolume  and  the 

amount  of  M,  in  the  gasphase  after  equilibration, 
the  'i  N,  in  the  gasphase  is  calculated  (Yj  *  1  N. 
in  the  gasphase) 


x-"l 


r;  .  u 


1O0O      b 


-  xi 


(eq.  19)   Taking  into  account  the  total  amount  of  Hr  dissolved 
(■  consumed)  in  the  water  (1)  and  the  concentration 
of  NO,-N  in  the  water  (b)  (mg/l),  the  amount  of 
water  denitrified  is  calculated  (Xi  ■  1  H,0  Jeni- 
trifiedl 


pi  tot 


piM. 


o  .    H, 


■>q.  19(   Due  to  the  build  up  of  a  partial  pressure  of  M,  -n 

the  qasphase  (eq.  16),  and  the  decrease  of  the  total 
gaspressure  (eq.  15),  the  partial  pressure  if    H.     in 
the  gasphase  13  decreased  (p  j  .  .K,  •  c.-srtial  pres- 
sure of  Hi  after  the  new  equilibrium,  (kPa)) 


I  till  i  where  a,.   ,H, 


Where     c  H,  ■  18.2  ml/1    (solubility  of   H,    at  pH, 

p*H,  •  p     »    101.3   kJPa 

V3  -  1000  ml 

cS,  ■  15.5   ral/1    (solubility  of   N,    at  pN. 

uS  -  233   mg  N07-N/1   initial   H, 


101.3  kPa  and  T  »  20,>C) 


101 .3  kPa  and  T  »  20°C) 


The  model  is  conceived  for  denitrif icatlon  at  20°C.   The  resulting  Xi   and  Y:   data  are  plotted  in  Fig.  0 
for  different  a  -  b  values.   For  each  nitrate  concentration  tested,  the  experimental  gas  stabilization  zone 
is  marked  on  Fig-  3. 


For  high  nitrate  loaded  water  (50  mg  N/1)  the  experimental  gas  stabilization  zone  was  found  around  20  -  25 
%",  in  the  gasphase.   Curve  1  (Fig.  8)  indicates  that  above  25  ■*   M,  in  the  gasphase,  the  further  enrichment 
of  the  gasphase  on  N,  proceeds  increasingly  faster  per  liter  of  denitrified  water.   When  the  \  H,  in  the 
gasphase  was  90  \,    there  was  still  a  nitrate  removal  of  60  ^  in  the  total  reactor.   Despite  this  continuo-is 
creation  of  M.  gas,  the  ^  N.  in  the  gasphase  stabilized  at  about  20  -  25  » .   Indeed,  it  that  staa'e  an  equi- 
librium will  be  reached  where  the  amount  of  Hi  formed  by  denitrif ication  will  be  about  equal  to  "he  amount 
of  U,  dissolvable   in  the  influent  at  the  actual  partial  pressure  of  N: . 

The  partial  pressure  of  H,  will  decrease  rapidly  and  with  this  the  solubility  of  the  electron  donor  once 
the  \  N,  in  the  gasphase  has  reached  20  -  :5  % .   The  test  results  of  reactor  system  1  indeed  confirm  that 
fi,  Limits  the  denitrif  ication  of  high  nitrate  loaded  water  when  its  percentage  in  the  gasphase  has  decrea- 
sed to  SO  *  or  less. 

For  low  nitrate  loaded  water  (15  mg  0/ 1 )  the  experimental  gas  stabilization  zone  was  found  around  32  -  38  \ 
N,  in  the  gasphase  (test  results  of  reactor  system  2).   Curve  3  (Fig.  8)  indicates  that  above  38  »  M,  in 
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Nitrate  removal  from  drinking  water 
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X   N,  In  the  gasphasa 


Fig.    8. 


,\W\V  =  gas  stabilization  zone 
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- — I 
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Relation  between  the  amount  of  watsr  denitrified  and  the  percentage  N,  in  the 
gasphase  tor  different  nitrate  concentrations  ib)  and  different  I  H,0  to  deni- 
trify U)  at  1  1  H,  initially  in  the  gasphase 


Curve  1 
Curve  2 
Curve  3 
Curve  4 


•  4.66  1 
=  5.23  1 
»  15.23  1 
»  23.30  1 


b  *   SO  mg  N0,-N, 1 

b  -  25  mg  NO^-N, I 

b  -  15  mg  ;JO~-N/ 1 

b  »  10  mg  N0.-N/1 


in  the  gasphase,  the  further  enrichment  of  the  gasphase  on  N,  proceeds  faster  pit    lit»r  dnnirrifind  water. 
when  the  »  H,  tn  the  gasphase  was  32  -  38  \.    there  was  still  a  nitrate  removal  of  1O0  %  In  the  total  rec- 
tor, but  no  further  increase  of  the  ^  "1,  in  the  gasphase  was  observed  Je3Pirn  the  continuous  creation  or 
N,  .   So,  at  that  stage  the  equilibrium  was  reached  for  the  low  nitrate  loaded  water.   r\s  confirmed 
test  results  of  reactor  system  2,  H,  did  not  limit  the  denitrif ication  reaction  at  the  equilibrium. 

General  Applicability 

The  present  reactor  configuration  was  developed  to  provide  a  tncnnoiogy  to  denitrify  ground  and  surface 
water  to  produce  drinking  water.   The  described  process  is  not  directly  advisable  for  ienitrif ication  of 
high  nitrate  loaded  waters  (>  50  mg  N/1).   The  maximum  denitrif ication  rate  amounts  only  to  0.2  q  H/lr  tot. 
■1  under  optimal  conditions  II. e.  30  ^  H,  or  more  in  the  gasphase).   In  that  case,  the  efficiency  of  nitrate 
removal  amounts  to  80  -  10O  \   and  the  efficiency  of  the  H.  consumption  reaches  30  -  40  I .   The  volumetric 
loading  rate  thus  obtained  is  too  low  compared  to  the  rates  obtained  by  other  -lenltr if ication  systems, 
especially  heterotrophic  denitrif  ication  systems.   For  instance,  Tlmmermans  (I9fl3)  tested  a  fluidicd  ced 
reactor  for  heterotrophic  denitrification  of  drinking  water.   In  a  first  test,  methanol  was  added  is  C- 
source,  in  i  second  test,  ethanol  was  used  as  C-source.   The  denitrification  rate  at  SQ^C  reiched  to  21  g 
My  i  reactor. d  and  10  g  M/ 1  reactor. d  respectively.   Heterotrophic  ienitrif  Ication  In  a  suspended  bed  reac- 
tor with  methanol  as  C-source  actained  a  denitrification  rate  of  3  g  N/1  reactor. d  at  20°C  (Gauntlett, 
1981) . 

Xurt  and  cc-workers  (in  press)  studied  a  fluidned  bed  reactor  with  H,  as  a  reductant.   The  denitrification 
rate  amounted  to  0.13  g  N/1  reactor. d  for  water  containing  50  *g_N/l  and  for  a  residence  time  of  lo. 3 
hours.   Remarkable  was  the  high  nitrite  accumulation  of  47  mg  NOj-N/l  in  the  effluent.   Gros  and  co-workers 
i 1982)  tested  a  fixed  bed  reactor  sparged  with  H,  gas  and  with  a  strip  system  as  carrier  for  the  microbial 
tiemass.   The  residence  time  in  the. reactor  amounted  at  least  2  hours  to  reduce  the  nitrite  content  of  the 
influent  from  11.3  mg  11/ 1  to  5  mg  N/ 1  without  nitrite  accumulation,  at  a  volumetric  loading  rate  of  only 
0.12  g  N/lr  tot.d.   A  reactor  system  with  indirect  H,  input  and  recirculation  of  the  water  was  studied  by 
'linocchio  (1980).   With  an  influent  concentration  of  16  mg  N/1  and  a  residence  time  of  20  minutes,  a  deni- 
trification rate  of  0.8  g  N/1  reactor. d  was  reached.   Mo  specifications  of  the  H, -dosage  ind  the  efficiency 
of  the  H,  gift  are  available.  All  of  these  lithotrophic  denitrification  systems  described,  Jo  not  contain 
a  build-in  poit— ienitrif ication  and  reaeration  phase.   They  still  need  an  aeration  step  during  the  post- 
treatment  of  the  effluent.   The  present  configuration  is  such  that  the  finally  produced  water  is  reaerated 
ind  free  of  reduced  metabolites. 

The  cubic  PU  sponges,  is  jsed  In  reactor  system  1,  are  not  advisable  as  carrier  material  for  the  denitrify- 
ing biomass.   The  separated  cubes  tend  to  irow  into  one  piece  and  this  qives  diffusion  and  flow  through 
problems.    These  problems  can  ae  avoided  ny  the  use  of  strips  of  PU  sponges  as  carrier  material,  is  «s 
the  case  for  reactor  system  2 . 

Preferabl/,  the  nitrate  loaded  water  contains  little  or  no  suspended  solids.   It  can,  but  does  not  have 
to  contain  biodegradaole  organics.   Denitrif Ication  of  hard  water  qives  rise  to  clogging  of  the  ON!  by 
CaCO;  sedimentation.   In  order  to  prolong  the  life-time  of  the  reactor,  the  pH  of  the  incoming  water  should 
be  adjusted  so  that  the  saturation  index  in  the  DN1  remains  below  1. 
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The  reactor  system  2  operated  with  soft  and  Low  nitrate  loaded  water  <i  15  mg  N/1)  yielded  satisfactory  re- 
sults.  For  a  volumetric  loading  rate  of  0.5  g  N/lr  tot.d,  the  nitrate  removed  amounted  to    100  '  ind  no 
nitrite  accumulation  was  observed.  The  efficiency  of  the  H,  consumption  reached  50  -  55  * .   A  stabilization 
in  the  gascontent  was  reached  when  the  %  H,  in  the  gasphase  amounted  32  -  38  \ .   This  had  no  negative,  effect 
on  the  efficiency  of  nitrate  removal  and  H,  consumption.   Due  to  the  nitrification  zone  in  the  last  part  of 
the  reactor,  the  final  effluent  was  oxygen-rich.   This  effluent  also  satisfied  the  bacteriological  require- 
ments  for  drinking  water.   Weekly  sludge  removal  avoided  all  probless  of  clogging  of  the  reactor  due  to 
biomass  accumulation. 

A  major  advantage  of  the  present  method  is  that  the  reduetant  H, ,  added  to  the  water,  is  non-toxic  and  due 
to  its  low  solubility  can  not  be  overdosed.   In  heterotrophic  denitrification  reactors,  in  organic  C-source 
is  added  to  the  incoming  water.   These  reductants  dissolve  in  the  water  and  thus  have  to  be  completely  remo- 
ved by  the  denitrification  process.   Otherwise,  they  reduce  the  quality  of  the  drinking  water  produced. 
Restconcentrations  of  these  organic  C-sources  can  cause  bacterial  aftergrowth  in  the  water  supply  system. 
Especially  when  methanol  is  used  as  C-source,  there  is  the  possible  toxicity  of  residual  levels  of  methanol 
in  the  drinking  water.   To  prevent  residual  levels  of  added  C-source,  the  effluents  of  the  heterotrophic  de- 
nitrification systems  require  extensive  post-treatment  such  as  aeration  to  increase  the  00  level,  biofiltra- 
tion  to  oxidize  residual  levels  of  the  c-source  and  desinfectlon  to  eliminate  microorganisms  (Klapwijk  and 
Van  Der  Hoek,  1985).   The  denitrified  oxygen-rich  effluent  of  the  reactor  system  2  only  requires  a  desmfec- 
tion  step. 

The  system  presented  for  denitrification  of  low  nitrate  Loaded  water  can  be  seen  as  an  extensive  and  safe 
method  for  small  and  medium  size  treatment  plants.   For  high  nitrate  concentrations,  a  two-phase  denitrifi- 
cation system  may  be  advisable  consisting  of  a  heterotrophic  denitrification  unit  workinq  under  C-limitatlon 
and  removing  the  main  part  of  the  nitrate.   A  lithotrophic  reactor  with  H,  gas  can  then  be  implemented  to 
remove  the  rest  concentrations  and  also  to  provide  an  extra  safety  in  case  the  organic  reduetant  dissolved 
is  not  completely  converted. 
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The  kinetics  of  the  removal  of  C102-  by  reaction  with  activated  carbon 
is  of  second  order 

C102-  +  C*  — *  products 

-  d  IC102-I   =  k2  IC102-I I C* I 


log 


dt 

C»|t    =  log 
C102-|t 


C*lO 


C102-  0 


*  J_(|c*jo 

2.3 


]ClO2-|0)k2t 


The  reaction  can  be  of  apparent  first  order  if  a  large  excess  of  carbon 
remains  present.  Chloride  ion  promotes  competitive  inhibition  in  both 
processes  (figures  given).  The  operational  autonomy  ranges  at  least  one 
year  per  meter  GAC  at  an  inlet  concentration  of  1  mg/1  C102-  (fig). 
Different  carbons  show  differences  in  reactivity. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

No  extra  cost  compared  to  the  adsorption  process  has  been  established  yet. 


Place(s)  of  installation/application  { including  dates ) : 

Use  of  the  powdered  carbon  process  at  the  TAILFER  plant  of  the  BRUSSELS ' 
INTSRCOMMUNAL   WATERBOARD 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 
paper  attached  (in  French) 


If  available  attach  descriptive  publications,  technical  literature, 
.■manufacturers'  specification,  patent  descriptions,  etc. 
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BYACTI VA TED  CARBON 


M.  DENIS.  G.  MINON  &.  W  J.  MASSCHELEIN 
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RESUME 

La  presente  contribution  traite  des  conditions  et  des  possibilites  d'elimi 
nation  de  Vion  chlorite  de  I'eau  au  may  en  de  charbon  actif. 

Pour  le  charbon  actif  en  poudre  utilise  a  des  concentrations  recontrees 
dans  un  decanteur  a  lit  de  boue.  la  cinetique  de  reaction  est  du  premier  ordre  appa- 
rent etles  constantes  de  I'ordre  de  Iff1  s~l .  Cependant  la  reaction  est  en  fait  d 'or- 
dre deux  et  le  charbon.  ou  du  moins  certains  de  ses  sites  actifs,  constitue  un  parte- 
naire  reactionnel.  L  'ion  chlorure  constitue  un  inhibiteur  competitif  pour  les  sites 
actifs  dont  faction  se  developpe  d'une  maniere  analogue  aux  inhibitions  compe- 
titive* de  reactions  enzymatiques. 

En  pratique,  une  elimination  de  I'ordre  de  25  a  30  %  est  obtenue  dans  un 
decanteur  a  lit  de  boue. 

L  'elimination  de  Vion  chlorite  sur  des  fdtres  a  charbon  actif  granule  se  fait 
a  la  Vitesse  habituelle  d'une  filtration  sur  des  filtres  d  adsorption,  jusqu'd  plus  de 
4  ans  pour  2  m  de  couche  filtrante.  Cette  methode  s  'avert  done  efficace.  De  plus. 
Vepuisement  des  /litres  est  davantage  le  resultat  de  phenomenes  d 'adsorption  que 
de  la  reaction  avec  Vion  chlorite. 

SUMMARY 

This  contribution  concerns  the  conditions  underlying  the  possible  removal 
by  activated  carbon  of  chlorite  from  water. 

The  reaction  kinetics,  when  using  powdered  activated  carbon  in  the  con- 
centration range  as  exists  in  a  settling  tank  with  a  sludge  blanket,  is  of  first  order 
with  a  constant  in  the  range  of  10'3  s'1 .  However,  it  is  demonstrated  that  the  reac- 
tion is  in  fact  of  second  order  and  therefore  the  carbon,  or  at  least  certain  of  its 
active  sites,  forms  a  reactionnal  partner.  Oilorite  inhibits  the  reaction  by  com- 
petition for  active  sites,  and  this  can  be  described  by  the  formula  which  is  applied 
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to  enzymatic  reactions. 

In  the  practical  operation  of  a  sludge  contact  clarifier.  the  removal  rate  of 
chlorite  ranges  between  25  and  30  %. 

When  the  removal  of  the  chlorite  ion  is  carried  out  on  granular  activated 
carbon  filters  and  operated  at  a  filtration  velocity  suited  to  adsorption,  autonomy 
of  operation  may  attain  4  years  for  aim  filtration  layer.  The  method  appears  to 
perform  very  well  Moreover,  the  exhausting  of  the  filters  is  more  the  result  of 
adsorption  than  of  chlorite  ion  reactions. 

INTRODUCTION. 

La  Question  envtsagee  dans  cette  contribution  concsrne  principalement 
les  mcdalites  de  ('utilisation  du  dioxyde  de  chlore  dans  le  traitement  des  eaux  de 
surface.  Dans  ce  dernier.  I'emploi  du  dioxyde  de  colore  en  pretraitement  au  >eu 
de  celui  du  cnlore  evite  ou  limite  la  formation  de  derives  organonalogenes.  tout 
en  realisant  une  oxydation-desmfection  adequate  conjoiniement  a  un  traitement 
physico-chimique  par  coagulation-floculation.  En  pratique,  les  dosages  de  ClOo 
fluctuant  entre  1  a  2  mg/'i  et  ceuvent  tres  exceptionneiiement  attemdre  3  a  5  mg/l 
Cette  application  se  distingue  done  fondamentaiement  ae  I'utilisation  du  dioxvae 
de  chlore  en  aesmfection  finale  pour  la  potabilisation  qui  engage  des  concentra- 
tions generalement  infeneures  a  0,25  mg/l. 

Le  dioxyde  de  chlore  conduit  a  I'ion  chlorite  par  reduction  panielle.  La 
dismutation  alcaline  en  chlorite  et  chlorate  peut  intervenir  eventuellement  de  ma- 
mere  secondaire.  Parallelement.  la  dismutation  neutre  ou  acide  du  dioxyde  de  chlo- 
re peut  engendrer  la  formation  de  chlorates  et  de  chlorures  11,  2).  Anterieurement, 
-icus  avons  formule  une  regie  oratique  d'ajustement  de  a  dose  de  traitement  (2,  3) 
selon  laqueile  ie  rapport  an  poidl  des  ions  ClO^'/CJO^"  contenus  dans  i'esu  traitee 
doit  rester  superieur  a  1.  Dans  ce  C3S,  la  concentration  en  ion  chlorite  issu  des  reac- 
tions peut  3ttemdre  0,5  a  1  mg/l. 

Ls  chlorite  residuei  peut  etre  toxique  car  a  formation  de  rnethemcgtooine. 
Toutefois.  a  dose  letaie  pour  e  rax  est  de  LD  50  =  *4Q  ma/ kg  lexpnmee  en  chlo- 
rite de  sodium;  (11.  II  sempie  done  que  le  risque  de  toxicite  atgue  aue  au  chlorite 
issu  du  dioxyde  de  chlore  est  pratiquement  negligeabie.  En  miiieu  cliniQue.  aes 
nvestigations  recentes  sur  des  sujets  numams  n'ont  pas  montre  d'effets  metaooln- 
ques  ou  sanguin  nuisibies  acres  une  duree  de  I'ordre  a'un  mois  et  une  ingestion 
chronioue  de  5  mg/l  de  i 'ensemble  des  composes  oxychlores  concemes  iCIOo, 
OO2",  CiOo'l  (27).  Cependant.  ii  reste  mdique  que  'a  concentration  n&idueHe 
de  I  ion  chirotie  n'excede  pas  0.5  mg/l  comma  limite  de  sauvegarde  contre  des 
gouts  astringents  dans  i'eau.  De  plus,  aux  U.S.A..  I'agence  feoerale  E?A  a  recom- 
mande  de  limiter  1 'ensemble  des  derives  oxychlores  morgantques  ae  /eau  potabte 
a  moinsde0,5  mg/l  (4). 

Dans  certains  :as  concrets.  comma  celui  du  traitement  d'eau  de  Vleuse  a 
I'usine  de  Tailfer  aui  alimente  en  partie  ''agglomeration  cruxelloise.  le  chlorite 
residuei  du  pretraitement  au  bioxvde  de  cnlore  est  oxyde  en  cricrate  ^ors  ae  I'OZO- 
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nation   finale.    La  processus  ooere  en  deux  phases  (2)  et  comprend  la  formation 
intermediate  de  bioxyde  de  chlore. 

*  (.'elimination  de  I'ion  chlorite  par  le  charbon  actif  constitue  une  voie 
alternative  peu  connue,  dont  la  faisabilite  est  I'objet  de  la  presente  etude. 

i  -  DONNEES  ANTERIEURES 

*  Une  seule  etude  rapporte  la  decomposition  de  I'ion  chlorite  sur  le  svste- 
me  rgactionnel  ternaire  compose  de  chlonte/'charbon  actif/produits  organiques 
adsorbes  (4)  Pour  ces  dermers,  i'acide  vamllique  et  i'indane  ont  et6  retenus  com- 
me  substances  modeles.  A  noter  que  les  conditions  expenmentaies  de  cette  inves- 
tigation engagent  des  concentrations  de  chlorite  de  10  a  500  mg/l.  Dans  ces  condi- 
tions, le  taux  de  chargement  maximal  du  charbon  (Calgon  ou  Chemviron  400)  en 
chlorite  attemt  80  a  90  mg/g.  Cette  etude  envisage  la  reduction  du  chlorite  en 
chlorure  avec,  conjointement  a  une  modification  de  ia  surface  du  cnaroon.  Celui- 
ci  deviendrait  ainsi  capable  d'induire  des  reactions  d'hydroxylation  et  de  decar- 
boxylation des  substances  organiques  avec  une  ouverture  secondare  de  cycles  aro- 
matiques 

*  L'ne  rechercne  de  1965  [51  mentionne  la  stabilite  apparente  du  chlorite 
et  du  dioxyde  de  chlore  lors  de  ta  filtration  sur  charbon  actif  en  grains.  Elie  decnt 
une  methode  de  preparation  de  dioxyde  de  chlore  pur  par  melange  de  cnlor<te 
de  sodium  et  de  cnarbon  actif  en  poudre  mais  I'auteur  assiste  le  processus  par  une 
acidification  complementaire. 

*  Dans  une  investigation  precedente  16),  nous  avcns  etabli  que  cette  reac- 
tion reste  ceu  importante  dans  la  pratique  du  traitement  d'eau.  II  est  a  signaler 
cependant  que  les  anhydrides  organiques  reagissenr  avec  e  chlorite  en  solution 
pour  former  le  dioxyde  de  cnlore  i7,  91  selon  la  reaction 

4  NaCQ2-2  (R  COI20-f-H20  =  NaCI03-i-  NaC  i-2  R  COGH-i-2  R  COONa 

-f-2CI02 

Certains  cnarbons,  susceotibles  d'etre  porteurs  de  groupements  annydndes 
ou  similaires  comme  les  actones,  seraient-ils  capabies  de  conduire  a  la  formation 
□e  dioxyde  de  chlore  ? 

*  La  decomposition  du  dioxyde  de  chlore  sur  charbon  actif,  soumise  a 
I 'investigation  au  depart  de  solutions  contenant  30  a  35  mg/l  en  presence  de  20  a 
100  mg/l  de  charoon  actif.  correspond  i  un  processus  comporxant  au  moms  deux 
phases  consecuttves  d'une  duree  de  demi-vie  resoective  de  I'ordre  de  20  mm.  et  de 
3  h.  Chacune  des  deux  ohases  peut  etre  decrite  empinquement  par  des  equations 
cinetiques  correspondant  a  des  processus  elementaires  du  premier  ordre  mais  se 
compmant  en  un  ensemole  evoluant  selon  une  equation  de  puissance  (C.'CO  ■  b  cal) 
(6). 
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Le  systeme  (CIO2  •  cnartjon  -  compose  organique  aasoroei  const! :ue  un  " 
systeme  reactif  temaire  ;  notarnment  en  presence  d'hydrocaroures  adsoroes  sur  le 

charbon.  des  derives  organo-halogenes  peuvent  etre   produits  qui  ne  se  seraient  ■ 

pas  formes  en  absence  de  charbon  aciif  (9).  h 

Les  recherches  resumees  ci-dessus  constituent  I'essentiel  des  connaissan- 
ces  sur  la  reaction    du  chlorite  et  du  dioxyde  de  colore  sur  charbon  actif   II  rests  & 

a  mentionner  que  des  observations  en  usine  de  filtration  sur  charbon  actif  en  grams  I 

ant  Dermis  de  constater  quelquefois  I'elimination  de  I'ion  chlorite  par  ce  proces- 
sus (10). 


2.  La  stoechiometne  de  la  reaction  du  chlorite  3vec  la  charbon  est  seter- 
mmee  par  reaction  du  cnarbon  NOR  IT  W  20,  introduit  dans  un  litre  d'eau  ae  -efe- 
rsnce  contenant  de  5  a  50  mg/l  de  I'ion  chlorite,  ainsi  que  par  des  essais  a  concen- 
tration croissante  en  chlorite  traite  par  une  suspension   a  3C0  mg/l  cte  cnarbcn. 


(a)  Hsu  du  puitt  de  Waterloo  de  la  C18E.  OMS  .  GEMS/WATER  OPERATIONAL  GUIDE, 
Geneva  1978  (Station  numtwr  051-006). 

(b)  NORIT,  Mijvarhaidsweg  Noorcl  72.  NL  -  381 2  -  PW  AM6RSFOORT. 

Id      CECA,  avenue  Morane-Saufnier  11,  F-78140  VEUZY-VILLACOUBLAY 

<d»     Thomaj  NESS.  Nantgarw.  CARDIFF  CW.  474  H. 

(a)     BAKER.  222  Red  School  Una.  Phillipjburg,  NJ-Q8865. 


I 


On  pourra.  en  outre,  tirer  profit  des  recherches  plus  nombreuses  sur  ('eli- 
mination du  chlore  et  des  chloramines  par  le  charbon  actif  dans  ^interpretation 
des  resultats  {11,  12.  13,  14,  15.  16.  17,  18.  19.  20.  21,  22).  A  noter  toutefois 
que  la  plupan  de  ces  investigations  se  rapportent  a  la  decomposition  du  chlore 
actif  present  a  des  concentrations  de  plusieurs  dizaines  de  mg  par  litre  ( 1 1 ). 

II- MATERIEL  ETM6THO0ES  ■ 

1  .  Des  suspensions  de  charbon  actif  en  poudre  representatives  des  vanan- 
tes  habitueliement  approvisionnees  pour  le  traitement  des  eaux  de  surface  sont 

agitees  avec  une  solution  de  chlorite.  Certe  demtere  est  obtenue  par  dissolution  ft 

de  chlorite  commercial  d'une  teneur  de  300  g/'l  en  chlorite  de  sodium  (env.  25  %  I 

en  poids).  dans  une  eau  de  reference  (a).   La  diminution  de  la  concentration  en 

chlorite  en  fonction  du  temps  de  contact  est  mesuree  oar  determination  poiaro-  m 

graphique  sur  une  aiiquote  filtree  (23).  Le  charbon  teste  est  pnncipalement  le  pro-  | 

duit  NORIT  W.  20  (bl,  mis  en  asuvre  pour  le  traitement  de  I'eau  de  Meuse  a  I'usi-  ' 

ne  de  Tailfer.  A  titre  indicatif,  des  donnees  sont  fournies  pour  les  produits  concur- 

rentiels.  CECA  Acticarbone  TK   (c).  Anthrosorb  CC  100  (d)  et  un  charbon  pour  ■ 

usage  en  laboratoire,  Baker  A  498  Q  (e).  La  gamme  des  concentrations  orosDec-  | 

tees  correspond  a  ceile  existante  dans  un  decanteur  a  lit  de  boue  du  type  ouisa- 
tor.  Dans  celui-ci.  le  'acteur  de  concentration  du  charbon  injecte  atteint  la  vaieur 
de50a  100  fois. 


I 
I 

3.  L'effet  de  sei  commun.  le  cnlorure,  est  teste  par  la  methcde  des  ajouts  g 

de  NaCI  a  I'eau  distiliee  et  par  un  traitement  de  1  mg/l  de  CI02'  par  200  mg/l  de  I 

I 
1 
I 

I 
I 
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charbon  actif  du  type  NORTI  W  20. 


4.  Un  test  d'orientation  se  rapporte  a  la  faisabilite  de  ^elimination  de  I'ion 
chlorite  par  filtration  sur  charbon  actif  granule  NOR  IT  ROW  0.8  SUPRA  engage 
dans  une  colonne  experimental  (Figure  I).  La  vitesse  de  percolation  pratiquee  est 
celle  de  la  filtration  rapide.  Au  cours  des  differents  essais,  elle  fut  toujours  compri- 
se entre  1 ,25  et  1 ,35  mm/s. 


«g» 
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FIGURE  I  :  Montage  experimental  pour 
la  mesure  de  ia  capacite  de  'ransforma- 
tion  du  chlorite  au  moyen  de  charoon 
actif  granute. 


Ill  -  RESUITATS  EXPERIMENTAUX 


L 'ensemble  des  tableaux  I,  II,  III,  IV  et  V  comprend  les  donnees  experimen- 
tales  les  plus  importantes.  Les  donnees  complementaires  sont  reprises  dans  les  gra- 
phiques  d'interpretation,  a  titre  indicatif  seulement. 
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Les  resultats  mesures  sur  les  effluents  de  la  coionne  garrtie  de  charbon  en 
grains  sont  indiques  dans  la  Figure  II.  Us  concernent.  sauf  indication  contraire, 
le  charbon  NOR  IT  ROW  0.8  supra.  La  pref  titration  sur  coionne  de  sable,  garan- 
tissant  une  bonne  repartition  hydraulique  sur  la  coionne  ae  charbon,  reste  faculta- 
tive et  sans  effet  sur  les  courbes  de  percement.  Toutes  ies  vitesses  de  percolation 
etaient  comprises  dans  les  limites  de  1  3  t  0.05  m,m/s. 
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FIGURE  II  .  Courbes  de  percement  de  I'ion  chlorite  d'une  coionne  garnie  de  char- 
bon ROW  0.8  supra  (NOR IT)  par  rapport  au  volume  de  la  coionne  vide  ,  concen- 
tration initiate    1  mg/i  en  CIQ^'l 

Les  jonnees  de  la  Figure  II  concernent  des  exoenences  effectuees  conse- 
cutivement  en  rempiissant  en  pame  la  coionne  d'adsorption  a  concurrence  ae  e- 
paisseur  de  couche  inpiauee. 

IV  -DISCUSSION 

Dans  la  oluoart  des  etudes  decrites  dans  la  literature,  la  decomposition 
du  chlore  actif  libre  (14,  16)  ou  des  chlorammes  (17,  19,  20)  est  rapportee  com- 
me  un  processus  du  premier  ordre  oar  rapport  au  chiore  dissous.  La  premiere  hy- 
pothese  consist*  done  a  aDpiiauer  ie  formalisme  d'une  cinetiaue  du  cremier  ordre 
a  I'elimination  du  chlorite  : 
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Cette  hypothese,  apptiauee  aux  donnees  du  Tapieau  l,  fournit  f'interpreta- 
tion  illustreedansla  Figure  III. 


FIGURE  III  :  Reduction  selon  un 
processus  apparent  du  premier  or- 
dre de  I'ion  chlorite  sur  charbon 
actif  en  poudre. 


MO 


On  y  releve  I'absence  d'une  phase  iniriale  rapide  decrite  pour  le  chlore  (6. 
14,  15,  16),  le  bioxyde  de  chlore  (6)  et  les  chloramines  (21).  Nous  ooservons  ce- 
pendant  une  nette  relation  entre  la  constante  cinetique  du  premier  ordre  et  la  con- 
centration en  charbon  actif  dans  le  milieu  reactionnel..  Cette  relation  s'exprime 
par  les  graphiques  reprisdans  la  Figure  IV. 


FIGURE  IV  D£penaance  de  a 
constante  cinetique  apoarente  du 
premier  ordre  de  la  recuct;on  de 
I'ion  chlorite,  de  a  concentration 
en  charbon  actif 
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3ien  que  la  reduction  du  chlore  et  des  cntoramines  au  moyen  de  charbon 
act  if  soit  generalement  consideree  comme  un  processus  du  premier  ordre,  r  inter- 
vention du  charbon  comme  partenaire  reactionnel  est  mam  teste.  De  pius,  la  cons- 
tante  cinetique  du  premier  ordre  ae  decomposition  du  chlore  est  mversement  pro- 
portionnelle  a  la  taille  des  grains  (14).  Lors  de  la  reduction  du  chlore.  la  surface 
microporeuse  (BET)  dimtnue  jusqu'a  50  %  de  la  valeur  mitiale.  L'hypothese  retenue 
pour  expliquer  ce  phenomene  est  un  elargissement  des  pores  via  cette  reaction 
et,  secondairement.  un  blocage  par  formation  d'oxydes  a  I'entree  de  ceux-ci  (15). 
Aussi  fut-il  observe  que  I'efficacite  d'elimination  des  chforamines  contenues  dans 
une  eau  percolee  sur  ce  support  augmente  quand  les  dimensions  des  particules 
de  charbon  diminuent  (19).  Ce  phenomene  peut  etre  interprets  oar  la  facilite  d'ac- 
ces  aux  pores,  dont  la  longueur  moyenne  est  plus  petite  pour  les  perns  grains  121) 
On  estime  en  effet  que  la  demi-longueur  des  pores  est  de  I'orrjre  du  sixieme  de  la 
moyenne  geometrique  des  diametres  des  grams  (19).  Dans  ce  meme  contexte,  I'e- 
nergie  d 'actuation  de  la  reaction  globale  aichioramme-charbon  est  de  I'ordre  de 
35  kJ/mole  (19),  tandis  que  pour  le  chlore  libre.  les  mesures  expenmentales  se  si- 
tuent  entre  39  et  51  kj/moie.  Ces  valeurs  correspondent  a  celles  generalement 
attendues  pour  les  reactions  controlees  par  des  phenomenesde  diffusion 

Si  les  donnees  reprises  dans  la  Figure  IV  permettent  une  evaluation  de  I'e*- 
fet  de  differents  cnarbons  en  poudre  en  fonction  de  >a  concentration  mise  en  aeuvre, 
une  interpretation  en  reste  necessaire. 

Dans  e  cat  de  solutions  relativement  concentrees  de  chlore  libre,  la  cons- 
tame  cinetique  de  decroissance  du  premier  ordre  a  ete  mise  en  correlation  lineaire 
avec  le  taux  de  chargemem  du  charbon  en  equiiibre  avec  la  solution,  c'est-a-dirs 
la  valeur  de  -en  g/g  H5). 

m 

Nous  ne  retrouvons  pas  la  meme  correlation  aans  le  cas  du  chlorite.  II  faut 
observer  zue  nous  travailions  dans  des  conditions  oeaucoup  plus  proches  de  celles 
de  la  pratique,  soit  un  large  exces  de  charbon  oar  -apport  a  I'oxydant.  Dans  ces 
conditions,  nous  ooservons  une  correlation  logamhmique  entre  la  constante  cine- 
tique apoarente  du  premier  ordre  et  la  concentration  de  charbon  mis  en  ceuvre. 
La  reaction  semble  done  de  pseuao-premier  ordre. 

Pour  completer  ^interpretation  des  donnees  de  mamere  plus  fendamenta- 
le,  nous  envisageons  aussi  i'hypothese  d'une  reaction  birnoleculaire  dans  laqueile 
le  charbon  actif  intervient  comme  partenaire  reactionnel  a  part  entiere  dans  'a 
cinetique  d'elimination  du  chlorite. 

Le  processus  du  deuxieme  ordre  est  deem  par 
CIO2"  +  C     ^  produits 

d  ICIOJ 
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=  k2ic;o2i  ic*i 
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Cette  interpretation  des  donnees  des  Tableaux  I  et  II  as:  illustree  aans  la 
Figure  V. 


FIGURE  V  :  Cinetique  pimole- 
culaire  charbon  actif-chionte. 
(Valeurs  indicatives  egales  a 
IC*!0/|C1021C). 
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Dans  )e  calcul,  nous  avons  accepte  I'hypothese  que  la  ((concentration  en 
charbon  actifa,  apres  un  temps  de  reaction  t,  est  representee  dans  les  equations 
par    !C«tt-|C*l0-|CI02-|0  +|G02-|t 

II  resulte  de  cene  analyse  que  ^interpretation  oar  une  cinetique  bimoleculaire  d'or- 
d re  deux  est  conforme  aux  resultats  expenmentaux.  Compte  tenu  des  donnees  de 
la  linerature  concemant  la  reaction  du  charbon  avec  le  chlore  libra  et  les  cniora- 
mmes,  il  est  probable  qu'il  y  a  lieu  de  considerer  le  charbon  actif  comme  parte- 
naire  reactionnei  effectif  et  non  comme  catalyseur  ou  adsorbant  uniquement.  En 
effet.  la  decomposition  du  chlore  sur  charoon  donne  lieu  a  une  variete  de  produits 
reactionnels  (13)  comprenant  notamment  des  produits  organochlores  (12)  (14), 
tandis  que  les  produits  de  reaction  morgamques  component  des  oxydes  de  caroon- 
ne,  des  protons,  des  ions  chlorure  et  chlorate  '12,  14). 

En  conclusion,  la  reaction  chlonte-cnarbon  est,  des  lors,  prooosee  comme 
etant  du  type  bimoleculaire  et  d'ororedeux  susceptible d'aoparaitre  comme  oseudo- 
monomoieculaire  selon  les  conditions  expenmentales.  En  outre,  dans  It  cas  tf'un 
grand  exces  de  charbon,  les  mesures  deviennent  moms  precises  par  suite  oe  ('aug- 
mentation de  la  vitesse  reactionneile. 

Un  essai  oe  saturation  ou  charbon  par  un  exces  de  chlorite  I  donnees  au 
Talbeau  III)  conduit  a  une  isotherme  de  Freundlich  sur  un  large  domaine  de  con- 
centration. La  phase  d'adsorDtion  intervient  done  egalement  dans  le  mecanisme. 
Le  taux  de  chargement  maximal  ootenu  s'etanlir  a  environ  0.45  g  de  chlorite  car 
g  de  cnarbon. 

Les  donnees  du  Tapleau  IV  mdiquent  que  I'ion  chlorite  est  transforms 
en  chiorure  et  explicitent  les  queiques  observations  fragmentaires  decntes  dans 
la  litterature  (22).  Nous  avons  done  tenu  a  verifier  I 'effet  de  I'ion  chiorure  sur 
la  cinetique  reactionneile  en  procedant  par  la  -nethode  des  aiouts   (Taoieau  Y'i. 
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Interpretee  par  I'hvpothese  d'une  cmetique  apparente  du  premier  ordre,  la  corre- 
lation entre  k    et  ia  concentration  en  chlorure  est  oil 
L'incidence  de  CI"  sur  k^  est  reprise  dans  la  Figure  VII 


iation  entre  k,  et  ia  concentration  en  chlorure  est  oilogarithmique  (voir  figure  VI). 

a 


.A*  I 
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FIGURE  VI  :  Incidence  de  I 'ion 
chlorure  sur  la  reaction  chionte- 
charbon  actif  (hypothese  de  ci- 
netique  apparente  du  premier 
ordrel. 


FIGURE  VII  Incidence  de 
I'ion  chlorure  sur  la  reac- 
tion chlonte-charoon  actif 
iselon  interpretation  de  la 
cinetique  d 'ordre  deux). 


Les  deux  modes  d'interpretation  convergent  vers  la  meme  conclusion,  a 
savoir  "'importance  considerable  de  la  concentration  en  chlorure  sur  la  vitesse  de 
la  reaction  de  'ion  chlorite  avec  'e  charbon  actif  De  plus,  pour  I'eau  de  surface 
et  I'eau  potable .  l'incidence  est  surtout  importante  dans  la  gamme  des  concentra- 
tions usuelles.  II  s'agit  done  d'un  facteur  important  dans  la  comparaison  des  re- 
sultats  de  differentes  recherches. 
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Dans  une  experience  comolementaire,  nous  avons  oreaiaotement  sature 
le  charbon  par  contact  avec  du  chlorure  de  sodium  en  solution.  Le  charoon  ainsi 
traite  at  secne  avant  la  mise  en  oeuvre  ne  montrait  aucune  difference  de  capacite 
et  de  vitesse  d'elimination  de  I'ion  chlorite  par  rapoort  au  charbon  non  traite.  Par 
contre.  en  se  oasant  sur  e  formaiisme  d' interpretation  aes  mecamsmes  de  compe- 
tition dans  I'inhibition  des  reactions  enzymatiques  (25),  nous  observons  que  nos 
donnees  experimental^  sont  conformes  a  une  inhibition  du  type  competitive 
entre  le  «substrat»  chlorite  et  le  chlorure.  En  effet.  les  droites  de  regression  od- 
tenues  en  portant  I'inverse  des  vitesses  initiates  en  fonction  des  inverses  des  con- 
centrations initiates  convergent,  comme  dans  le  cas  da  I'inhibition  competitive. 

vers  une  valeur  unique  de  1/v  max  (figure  VIII),  Les  valeurs  extrapolees  de      ' 

v  max 
sont  trop  proches  de  zero  pour  permenre  un  caicul  plus  precis  des  eequilibres  sup- 
port actif  <ompemeur.  Nous  ne  citerons  done  que  f'ordre  de  grandeur  de  02  mq/l 

icn  ic-i 

pour  la  valeur  de  K  -  — —  pour  des  concentrations  suffisament  elevees  en  chlo- 

1C*|  |C1 1 

rure,  par  exemple  du  m4rne  ordre  que  celles  en  charbon  actif.  A  noter  que  la  va- 
leur de  I'ordonnee  a  I'origine  prcche  de  zero,  voire  legerement  negative,  mdique 
que  d'autres  parametres  que  I'ion  chlorure  interviendraient  dans  la  competition 
(diffusion,  specificitedu  site. ...). 

A  I'usine  de  Tailfer,  nous  avons  proeede  a  quelques  essais  d'anentation 
en  dosant  des  concsntraticns  ccntrolees  de  chlorite  dans  I'eau  brute  a  ''entree 
desoecanteurs  pulsators  dont  le  lit  de  boue  contient  du  charbon  actif. 


FIGURE  VHI  :  Inhibition  compe- 
titive CI7CI02"  dans  la  reaction 
avec  le  charbon  actif. 


IfCL  {  1  itf*) 

Pour  une  duree  ae  contact  de  80  min.,  avec  un  lit  de  boues  contenant  300 

g/l  de  charoon  NOfllT  W  20.  la  concentration  en  cnlorures  de  I'eau  etant  de  15 
mg/l.  I'elimmation  observes  etait  de  27,5  %  pour  I  C:09"|      =  300  mg/l  et  in  23  5  % 
pour  !C!GV1C    =  420  mg/l.  une  elimination  panielle  mais  significative,  de  I'ortra 
de  25  a  30  %,  peut  done  etre  attendue  en  pratique. 
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Dans  la  conception  des  filtres  d'adsorption  sur  charbon  actif,  la  precision 
de  la  duree  de  service  est  une  notion  d 'importance  majeure.  La  generalisation  d'es- 
sais  en  modele  reduit  ou  en  unite  pilote  se  fait  souvent  seion  ie  concept  d'une  rela- 
tion lineaire  entre  I'epaisseur  de  la  couche  et  Ie  temps  de  service  (26).  Celle-a  est 
explicitee  par  une  droite  experimentale  obtenue  en  portant  !e  temps  de  service 
en  fonction  de  i'epaisseur.  En  appliquant  cette  methoae  aux  couroes  de  percs- 
ment  (Figure  III  pour  des  valeurs  de  <  20  %  de  la  concentration  initiate,  nous  oo- 
tenons  la  courbe  illustreedans  la  Figure  IX. 
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FIGURE  IX  :  Courbe  de  correla- 
tion des  temps  de  percement  par 
I'ion  chlorite  sur  charbon  NOR  IT 
ROW  0.8  supra. 
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En  procedant  par  calcul  des  tangentes  a  la  oarabole  experimentale.  on  cons- 
tate que  pour  1000  h  de  fonctionnement,  I'epaisseur  mmimale  necessatre  est  de 
2 J  :m  (Eg  =  1 8. 5  cm)  ,  pour  une  annee  entiere,  elle  serait  de  94  cm  i£n  —  48,5  cm i 
Une  epaisseur  de  couche  de  2  m  assurerait  une  autcnomie  de  fonctionnement  de 
40  250  h  ou  4  annees  et  7  mois.  Ces  extrapolations  exoliquem  que,  aans  ia  pratique 
des  usines,  I'epuisement  de  la  capaate  de  reduction  du  chlorite  n'interviendrait 
qu'apres  celle  de  ia  capaate  d 'adsorption  des  produits  orgamques.  Get  epuisement 
ne  serait  oonc  oratiquement  pas  observe. 

CONCLUSIONS 

*  L'elimination  de  I'ion  chlorite  par  reduction  en  chiorure  sur  charbon 
actif  est  un  processus  bimoleculaire  d'ordre  deux.  Vu  I'exces  de  cnarbon  genera- 
;ement  oresent,  que  ce  soit  en  usine  ou  en  laboratoire,  la  reaction  apparait  sou- 
vent  comme  oseudo-monomoleculaire  avec  un  orbre  apparent  de  un. 
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'  La  generalisation  du  concept  bimofeculaire  pour  I'eliminaiion  du  chlore 
et  des  chlorammes.  decrite  dans  ta  I  literature  par  un  processus  du  premier  orare, 
menterait  un  examen  complementaire. 

*  Le  charbon  actif  possede  un  nombre  de  sites  actifs  lors  de  sa  reaction 
avec  >e  chlorite.  Quant  au  charbon  en  poudre  NOR  IT  W  20  teste  plus  exnaustive- 
ment,  le  taux  de  chargement  maximal  s'etablit  a  environ  0,45  g  ClOoVg  C*  soit 
une  valeur  nettement  plus  elevee  aue  celle  rapportee  dans  la  literature  relative  £ 
d'autres  charbons  (4). 

*  Differents  charbons  soumis  a  un  test  d'onentation  ont  montre  une  Vi- 
tesse ae  reaction  differente.  Le  taux  d'4limination  du  chlorite  present  en  grand 
exces  par  rapport  au  charbon  peut  etre  dec-it  par  I'isotherme  d'adsorption  selon 
Freundlich. 

*  La  reaction  correspond  a  la  stoechiometne  d'une  reduction  du  chlorite 
en  chlorure. 

*  Dans  la  pratique,  l 'utilisation  du  cnarbon  actif  en  poudre,  mis  en  ceuvre 
dans  un  decanteur  a  lit  de  boue  possedant  un  facteur  de  concentration  de  50  a 
100,  reauit  sensiblement  la  teneur  an  chionte  residuel  apres  30  a  60  mm.  de  temps 
de  contact.  Toutefois  une  interference  significative  de  I'ion  chlorure  est  mise  en 
evidence  dans  cette  etude  .  elle  est  conforme  au  mecanisme  d'inhibition  compe- 
titive tel  qu'il  est  observe  aueiauefois  dans  des  reactions  enzyme-substrar  La  com- 
petition ae  I'ion  chlorure  est  tres  mportante  deia  pour  des  concentrations  en  chlo- 
rure infeneures  a  100  mg/l,  de  sorte  qu'elle  se  produira  pour  la  olupart  des  eaux 
de  surface  et  des  eaux  potaoles.  Cet  effet  et  I' Intervention  eventuelle  d'autres  mo- 
lecules comoetitives  limiterait,  seion  les  conditions  particulieres  de  chaque  instal- 
lation, I 'elimination  de  I'ion  chlorite  au  moyen  de  charbon  actif  en  poudre. 

*  La  filtration  sur  cnarbon  en  grain  dans  la  pratique  du  traitement  par  ad- 
sorption conduit  a  des  duress  previsibles  a'efficacite  plus  longues  pour  rumina- 
tion de  \">ar\  chlorite  que  cetles  presidant  a  la  conception  des  filtres  d'adsorption. 
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RAPPORT  D'ASSEMBLEE  GENERALE 

L'assembfee  geneTaie  de  noire  Association  s'est  tenue  ie  5  Mars  1986  a  17h30 
dans  fa  Salle  des  Actes  de  la  Faculte  de  Pharmacie  de  Pahs. 

Le  rapport  moral  presente  par  le  Secretaire  General  a  ere  adopte  a  I'unani- 
mite. 

Apres  lecture  par  le  Tresorier  et  avis  favorable  des  Commissaires  aux  Comp- 
tes  le  rapport  financier  a  ete  adopte  a  I'unanimite. 

Le  depouillement  du  scrutin  d'eleciion  du  Conseil  d' Administration  adonne 
les  r&ultatssuivants  : 

-  Votants  :  62 

-  Suffrages  ex  primes  :  62 

Ont  obtenu  : 

-  Monsieur  FESTY  :  62  voix,  elu. 

-  Monsieur  BONTOUX  :  61  voix.  elu. 

-  Monsieur  RAMBAUO  :  61  voix,  elu. 

-  Monsieur  RODlER  61  voix,  elu. 

-  Monsieur  SCHWARTZ3RQD  61  voix,  elu. 

-  Mademoiselle  PEPIN  :  60  voix,  elue. 

-  Monsieur  V I  LAG  INES  :  1  voix 

La  seance  a  ete  levee  a  18  heures. 


Paris,  le  6  Mars  1986 

Le  Secretaire  General 
Le  Secretaire  General  Adjoint 


RAPPORT  MORAL 

L'annee  1985  a  -516  endeuillee  par  le  deces  de  I'un  de  nos  symoatriisant  les 
plus  eminent,  Monsieur  le  Senateur  LALLOY,  auteur  ae  I'un  de  nos  rextes  de  Loi 
les  plus  imoorrants  en  hydroiogie  La  Loi  sur  1'eau.  Au  nom  de  notre  Association 
ie  one  sa  familie  de  bien  vouioir  accepter  nos  plus  sinceres  conaoieances. 

A  la  suite  de  departs  a  la  retraite  nous  3vons  enregistre  snec  regret  la  demis- 
sion ae  plusieurs  memores  eminents  Monsieur  <s  Proresseur  ALDIGHIERI,  Mada- 
me GUEL1N,  Madame  3ERTRAMD.  Nous  leur  sounaitons  une  longue  et  neu reuse 
retraite.  Nous  avons  par  ailleurs  note  avec  platsir  r adhesion  de  3  nouveaux  memores. 

En  ce  qui  concerne  notre  activite  scientifique  nous  avons  tenu  le  ler  Mars 
a  Paris  une  seance  oarticunerement  suivie  ayant  trait  aux  problemes  ce  revolution 
de  la  aualite  des  eaux  lors  ae  ieur  stockage  aans  des  cassins  de  situation. 

Le  10  Mai  nous  avons  ete  accueillis  a  TOURS  oii  le  Professeur  CLANET 
avait  organise  une  seance  consacree  a  I'eouration  des  eaux  par  filtration. 

Finalement  les  10  et  11  Septemore  1985  e  ?roresseur  3LOCK  a  organise 
une  seance  Internationale  parnculierement  dense  sur  ie  theme  de  ''interaction  sntre 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  CODE   .¥    :     BE-Q6 


: Project  Title: 


OPTIMISATION  OF  REMOVAL  OF  RADIOACTIVE  ISOTOPES 
IN  UPFLOW  SLUDGE  BLANKET  CLARIFIERS 


Contact  (name  of  person,  organization,  address,  telephone): 

Dr.  W.J.  MASSCHELEIN 

Director  of  the  Laboratories 
Brussels  Intercommunal  Waterboard 
Chaussee  de  Waterloo  764 
3  -  1180  BRUSSELS 

( BELGIUM )   


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) : 

Typical  radioisotopes  from  fall-out  are  removed  at  variable  yield  by 
conventional  upf low-settling  after  coagulation  with  aluminium  sulphate 
e.g.,  at  maximum,  103Ru  *  73  %;  58Co  =  61  V;  1311  =  17  \;    134CS  =  38  %. 

The  whole  process  corresponds  to  a  saturation  phase  of  the  sludge  : 

Asat  -  A 

In =  -  Jet  +   (rest) 

Asat 

an  equilibrium  phase  :  K  =  Asat  (Bq/g)/(V<H20>/g)  .  AQ(Bq/l) 

and  a  two-stage  desaturation  phase  both  through  sludge  purge  : 

t  -  to 


At  =  Asat  {1-  purge)       (curve  1)  and  by  elution  of  activity  from  the 
sludge  into  the  watar  5(3q/g)  =  -  a  fit  (curve  2). 
Typical  example  :  53Co 
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Operating  and  cost  data  {including  data  on  efficiency,  results,  etc.): 
No  extra  cost  compared  to  conventional  coagulation- flocculation  settling 


Placet s)  of  installation/application  ( including  dates ) : 
TAILFER  plant  of  the  BRUSSELS'  INTERCOMMUNAL  WATERBQARD 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specification,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  I:   BE-07 


Project  Title: 

Polyurethane  prefilters  to  improve  slow  sand  filters 


Contact  (name  of  person,  organization, 

address  ,  telephone)  : 

Prof.  Dr.  ir.  W.  Verstraete  -  Director 

Ir.  P.  Vochten  -  Project  Leader 

Faculty  of  Agricultural  Sciences 

Laboratory  of  Microbial  Ecology 

Coupure  L  653 

B-9000   GENT      Tel.  (091)23.69.61 

Telefax  (091)23.36.28 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

Two  types  of  prefilters  made  of  reticulated  polyurethane  to  improve 
slow  sand  filters  were  studied.  Figure  1  shows  the  principle  of  both 
process  modifications. 

In  the  ES  (Expanded  Schmutzdecke)  concept,  a  layer  of  fine  polyurethane 
is  placed  on  top  of  the  filter  bed  of  a  slow  sand  filter.  The  micro- 
organisms that  grow  on  this  highly  porous  matrix  are  spread  out  over  a 
deeper  layer  than  is  the  case  in  the  sand  bed  of  a  conventional  slow 
sand  filter.  In  this  way,  the  time  the  water  is  in  contact  with  this 
layer  with  high  microbial  activity,  is  prolonged. 

To  avoid  deterioration  of  the  slew  sand  filter's  filtrate,  due  tc  high 
loads  of  organic  matter  or  NOD,  an  aerated  prefilter  of  reticulated 
polyurethane  (SAP  :  Submerged  Aerated  Prefilter)  is  placed  in  the 
supernatant  water  of  the  filter.  On  the  polyurethane  matrix,  micro- 
organisms grow  that  aerobically  biodegrade  these  pollutants.  The  biologi- 
cal desmfection  of  the  water  is  subsequently  performed  by  the  sand  bed. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

The  first  modification  (ES)  showed  at  small  pilot-scale  a  very 
effective  resistance  of  the  filter  to  clogging  by  precipitation  of 
CaC03.  Under  circumstances  where  no  CaCQ-j  precipitated,  filter  runs  were 
also  substantionally  prolonged.  The  biological  activity  of  the  filter 
increased  significantly  as  indicated  by  an  almost  doubling  of  the  A  DO 
The  second  modification  (SAP)  also  prolonged  the  length  of  the  filter 
runs  in  a  substantional  way.  The  removal  of  BOD  and  NOD  over  the 
filter  were  significantly  better  and  the  filtrate  was  of  a  much  higher 
quality  with  regard  to  number  of  Escherichia  coli  and  Streptococcus 
faecalis  present.  ~* 


Place(s)  of  installation/application  (including  dates): 

All  experiments  were  performed  at  the  Faculty  of  Agricultural  Sciences 
of  the  State  University  of  Ghent  (Coupure  L  653,  B-9000  Gent) 
during  1987. 


Patent  staus,  if  applicable: 


Other  ir 

(formation  (e.g.. 

funding 

source, 

coo 

perating 

agencies 

,  etc.): 

Studv 

Centre  for  Water 

Research 

(S.V.W. 

) 

Ir.  J 

.G.  Janssens 

Mechelsesteenwea  64 

2018 

ANTWERPEN 

Tel. 

(03)238.78.30 

Telex  32139  AWW 

3 

-  Telefax 

(03)237. 

97.66 

If  available  attach  descriptive  publications,  technical  literature, 
.Tianufacturers'  specifications,  patent  descriptions,  etc. 
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iFj-g-  1  :  Principle  of  polyurethane  prefxlters  to  improve  slow  sand  filters 

(1)  Conventional  slow  sand  filter 

(2)  Slow  sand  filter  with  ES 

(3)  Slow  sand  filter  with  SAP 

a.  raw  water  ;  b.  sand  bed  ;  c.  gravel  i.    underdrainage  ;  d.  fil- 
trate ;  e.  layer  of  polyurethane  ;   f.  polyurethane   lamella  ; 
g.  aeration 


BE-73 


I 
I 


CANADA 


Page  § 

CA-1 

CA-7 

CA-11 

CANADA 


Code  #  Project  Title 

CA-01    Removal  of  Trace  Organic  Contaminants  From 
Drinking  Water 

CA-02    Comparison  of  Alternative  Treatment  Processes 
for  Northern  Ontario  Waters 

CA-03    Development  of  an  Optimum  System  for  the 

Application  and  Regulation  of  Powdered  Activated 
Carbon  in  Water  Treatment  Plants 

CA-04    De-Aeration  of  Oxygen  Super  Saturated  Raw  Water  CA-13 

CA-05    Elevation  of  Treated  Water  pH  by  Air  Stripping  CA-15 

CA-06    Combined  Use  of  Powdered  Activated  Carbon  and  CA-17 

Granular  Activated  Carbon  Taste  and  Odor  Removal 

CA-07    Magnetometer  Surveys  for  Groundwater  Exploration  CA-19 

CA-08    Hydrocarbon  Leak  Detection  Using  Radon  CA-21 

CA-09    Pilot  Plant  Assessment  of  Coagulation  and  CA-23 

Filtration  Strategies  for  Treatment  of  Cold,  Low 
Turbidity  Waters 

CA-10    Continuous  Monitoring  System  for  Toxic  Spills  in  CA-33 

Raw  Water  Supply 

CA-11    Investigation  of  Indicator  Bacteria  in  the  City  of        CA-3S 
Calgary  Water  Distribution  System 

CA-12    Evaluation  of  Coliphage  Virus  Enumeration  as  CA-37 

a  Surrogate  Indicator  of  Human  Enteric  Viruses 
in  Alberta  Surface  Waters  and  Treated  Drinking 
Waters 

CA-13    Incidence  of  Legjonella,  Aeromonas  and  CA-39 

Campylobacter  in  Municioal  Source  and  Treated 
Drinking  Water 

CA-14    Artificial  Recharge  of  Treated  River  Water  CA-41 

CA-15    Process  Optimization  for  Biological  Treatment  CA-45 

of  Drinking  Water 

CA-15    Evaluation  of  Alternative  Drinking  Water  CA-47 

Treatment  Processes  at  Pilot  Scale  by  Means  of 
Mutagenicity  Testing 


I 


Code  #  Project  Title 


CA-17         Water  Plant  Optimization  Study 

CA-18        A  Study  Using  Computer  Software  to  Model   the 
Performance  of  Carbon  Adsorbers  in  a  Large 
Canadian  Drinking  Water  Treatment  Plant 

CA-19         Computer  Modelling  of  Adsorption  of  Mutagens  on 
XAD-2 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  »:   CA-Q1 


Project  Title: 
Removal  of  Trace  Organic  Contaminants  From  Drinking  Water 


Contact  (name  of  person, 

organization,  address,  telephone): 

John  N.  Hilton 

Dr.  Ken  J.  Roberts 

MacLaren  Plansearch  Inc. 

Ontario  Ministry  of  the  Environment 

2235  Sheppard  Ave.  E. 

1  St.  Clair  Avenue  West 

Willowdale,  ON  M2J  5A6 

Toronto,  ON  M4V  1K6 

CANADA 

CANADA 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

This  project  has  been  undertaken  to  determine  the  following: 

t  the  effectiveness  of  optimized  conventional  drinking  water  treatment 
for  the  removal  of -trace  organic  contaminants  from  typical  Great 
Lakes  water, 

•  the  effectiveness  of  activated  carbon  adsorption  removal  of  trace 
organic  contaminants  when  used  in  the  add-on  contactor  mode,  and 

•  process  operational  parameters  for  the  optimized  operation  of  full 
scale  water  treatment  plants  and  GAC  adsorbers  used  in  the  add-on 
mode  for  organics  removal  . 

The  conventional  treatment  process  (coagulation,  sedimentation  and  filtra- 
tion) chemical  system  was  selected  after  an  extensive  series  of  jar  tests. 

The  conventional  process  (pH  7,  PAC1-3  mg/L)  was  optimized  in  a  state-of- 
the-art  pilot  plant  (constructed  of  glass,  teflon  and  stainless  steel 
materials)  and  then  evaluated  for  removal  of  6  representative  contaminants 
decachlorobiphenyl ,  2,4,6-trichlorophenol ,  p,p' -DDT  gamma-BHC  naphthalene, 
antracene  and  pyrene  at  concentrations  between  5  and  10  ug/L. 

The  carbon  adsorption  phase  of  the  study  is  now  underway  using  water  from 
the  conventional  process  into  which  6  representative  contaminants  have  been 
spiked  at  100  ug/L  (1,2-dichloroethane,  benzene,  1 ,2-dichlorobenzene,  tat- 
rachloroethene,  naphthalene  and  gamma-BHC).  The  residual  contaminant 
levels  are  measured  in  each  of  the  effluents  from  3  carbon  columns  in  ser- 
ies (providing  cumulative  EBCT's  of  2  min.,  10  min.  and  20  min.).  Also,  a 
20  minute  EBCT  has  been  provided  to  assess  the  removal  of  background 
contaminants . 
_^_^__ CA-1 


Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

Preliminary  results  indicate  good  removal  (>  90%)  of  decachlorobiphenyl ; 
intermediate  removal  of  p.p  -  DDT;  low  to  intermediate  removal  of 
anthracene,  pyrene  and  2,4,6-trichlorophenol  and,  no  removal  to  low  removal 
of  naphthalene  and  gamma-BHC  using  conventional  treatment  technology 
(coagulation,  settling  and  filtration). 


Place(s)  of  installation/application  (including  dates): 

Niagara  Falls,  Ontario 

Water  Treatment  Plant 


Patent  staus,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 
Funded  by  the  Ontario  Ministry  of  the  Environment 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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NIAGARA  FALLS  TRACE  ORGANICS  PRCviECT  •  PILOT  TREATMENT  PLANT 

Figure  4.1 

Simplified  Process  Flowsheet 


Figure  4-2 

Niagara  Falls  Trace  Organics  Project 

Pilot  Treatment  Plant 

Conventional  Process 
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Niagara  Falls  Trace  Organics  Project 

Pilot  Treatment  Plant 

Granular  Activated  Carbon  Process 

Figure  4-3 
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Figure  4-4 

Niagara  Falls  Trace  Organics  Project 

Pilot  Treatment  Plant 

Apparatus  for  Storage  and  Addition  of  Spiking  Compounds 


EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  *:   CA-Q2 

PROJECT  DESCRIPTION 


Project  Title: 
Comparison  of  Alternative  Treatment  Processes  for  Northern  Ontario  Waters 


Contact  (name  of  person,  organization,  address,  telephone): 

Stuart  Wyse,  Ph.D.,  Senior  Chemist  or  David  Fisher,  P.Eng.,  Sr.  Consult, 

Proctor  and  Redfem  Limited 

45  Green  Belt  Drive 

Don  Mills,  Ontario  M3C  3K3 

CANADA 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 
Three  alternative  technologies  were  compared. 

(1)  Plate  separators  and  plate  flocculators  from  Pieklenrood, 

(2)  Mechanical  flocculation  and  plate  separation,  and 

(3)  Neptune  "Trident"  System. 

The  Pielkenrood  system  with  its  plate  separator  and  plate  Flocculator 
has  never  been  applied  to  water  as  found  in  Northern  Ontario.  Although 
it  is  used  in  Norway  on  waters  of  high  colour  (200TCU)  and  on  very  tur- 
bid water  in  other  locations,  this  application  in  Canada  is  new.  Plate 
separators  are  used  in  water  treatment  plants  in  Canada,  however,  plate 
flocculators  nave   not  been  applied  to  water  treatment  systems  in  Canada. 
The  more  conventional  method  of  flocculation  using  mechanical  floccu- 
lators was  also  examined  as  a  means  of  treatment  of  the  Kirkland  Lake 
water. 

The  Neptune  "Trident"  system  incorporating  a  combined  upflow  clarifier 
and  downflow  filter  system  has  been  installed  in  one  Ontario  plant  for 
the  removal  of  colour  and  also  on  turbid  water.  However,  the  colour 
removal  plant;  is  oversized  and  only  operates  for  one  or  two  hours  a  day, 
thus  a  true  evaluation  of  this  system  had  not  been  performed. 

This  study  compared  the  application  of  the  three  processes  during  the 
period  of  maximum  water  demand  in  February  which  was  also  the  coldest 
time  of  the  year. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

The  ideal  floe  for  separation  by  plates  is  large.  However,  the  coloured 
floe  was  fragile  and  the  Pi  el  ken rood  system  with  more  gentle  action 
worked  much  better  than  the  mechanical  flocculation.  Sludge  re-circu- 
lation is  very  necessary  and  adequate  coagulant  contact  time  must  be 
provided  prior  to  flocculation.  Flocculation  contact  time  of  10-15  min- 
utes works  well.  Plate  unit  rise  rate  in  the  0.50-0.80m/hr  range. 
Gross  rates  in  the  lOm/hr  plus  range  due  to  compact  plates.  Filter  rate 
9-12m/hr. 

The  Neptune  "Trident"  system  relied  upon  the  formation  of  a  hard  small 
floe  which  is  removed  in  the  upflow  clarifier.  This  system  produced 
good  quality  water  with  runs  in  excess  of  24  hours  using  aluminum  sul- 
phate, Magnafloc  986  N,  and  Nalco  8105.  However,  the  upflow  clarifier 
in  this  system  requires  frequent  backwashing  in  order  to  work  effective- 
ly, in  this  case  every  eight  hours.  Clarifier  rate  of  24m/hr  and  filter 
rate  of  12m/hr.  No  cost  data  available  at  this  time. 


Place(s)  of  installation/application  (including  dates): 

Research  was  carried  out  at  the  Town  of  Kirkland  Lake,  Ontario.  Field  work 
was  commenced  in  January  1987  and  report  work  completed  by  the  end  of  1987. 


Patent  staus,  if  applicable: 
Existing  equipment  systems  were  used  -  no  new  patents  would  be  applicable. 


_ 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

The  project  was  funded  by  the  Ontario  Ministry  of  the  Environment  through 
the  Research  Advisory  Committee.  All  work  is  Copyright  1987  Her  Majesty 
the  Queen  in  right  of  Ontario  as  represented  by  the  Minister  of  the 
Environment. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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PLATE  FLOCCULATOR 
&  SEPARATOR  RESULTS 

Typical  Good  Result  -  Alum  25  mg/L,  Activated  Silica  1.5  mg/L 

Parameter      Raw  Water     Clarified   Filtered 

Water        Water 

Iron  (mg/L)  .082 

Manganese  (mg/L)  .110 

Aluminum  (mg/L)  .029 

Zinc  (mg/L)  .001 

Sulphate  (mg/L)  5.00 

Turbidity  (NTU)  .82 

Colour  (TCU)  16.0 

Dissolved  Organic  7.0 

Carbon  (mg/L) 

Langlier's  Index  -.90 

Ion  Balance  156.2 

Calculation  (%) 

Ion  Balance  Calc'n  74.83 

mg/L 

Ion  Balance  Cak*n  156.2 

UMHO/CM 

Conductivity  25C  151.0 

UMNO/CM 
Hardness,  Total  mg/L    50.0 

Alkalinity  mg/L  40.8 

pH  7.57 

Chloride  mg/L  16.70 


.310 

.110 

.040 

.038 

1.300 

.056 

.004 

.032 

28.70 

29.70 

1.42 

.37 

4.5 

5.5 

3.3 

3.0 

-1.80 

-1.60 

179,8 

180.3 

87.89 

87.83 

179.8 

180.3 

167.0 

166.0 

49.0 

50.0 

23.8 

21.2 

6.97 

7.16 

16.10 

16.70 
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TRIDENT  SYSTEM  RESULTS 

Typical  Good  Result  -  Alum  8.7  mg/L,  Cationic  Polymer  3.5  mg/L, 
Non-Ionic  Polymer  0.05  mg/L 

Parameter      Raw  Water     Clarified   Filtered 

Water       Water 


Iron  (mg/L) 

.024 

Manganese  (mg/L) 

.011 

Aluminum  (mg/L) 

.012 

Zinc  (mg/L) 

.008 

Sulphate  (mg/L) 

6.77 

Turbidity  (NTU) 

.45 

Colour  (TCU) 

14.0 

Dissolved  Organic 

6.0 

Carbon  (mg/L) 

Languor's  Index 

Ion  Balance 

.1063 

Calculation  (%) 

Ion  Balance  Calc'n 

74.79 

mg/L 

Ion  Balance  Calc'n 

155.8 

UMHO/CM 

CondudtMty  25C 

147.0 

UMHO/CM 

147.0 

Hardness,  Total 

49.0 

mg/L 

Alkalinity  mg/L 

39.1 

pH 

7.83 

Chloride  mg/L 

16.70 

.020 

.010 

.006 

.004 

.370 

.029 

.012 

.005 

11.34 

11.76 

.63 

.56 

2.5 

4.5 

4.6 

4.5 

-.95 

5.370 

4.417 

90.79 

91.49 

187.2 

188.5 

180.0 

179.0 

180.0 

179.0 

47.0 

48.0 

363 

37.0 

7.63 

7.53 

25.10 

24.60 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:   CA-Q5 

PROJECT  DESCRIPTION 


Project  Title: 

Development  of  an  Optimum  System  for  the  Application  and  Regulation  of 
Powdered  Activated  Carbon  in  Water  Treatment  Plants. 


Contact  (name  of  person,  organization,  address,  telephone) 
Mr.  F.J.  Dart 

Ministry  of  the  Environment 
Water  Resources  Branch 
1  St.  Clair  Avenue  West 
Toronto,  Ontario 
M4V  1K6 
Tel:   (416)  323-4876 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

This  is  a  stucy  going  from  laboratory  bench  to  pilot-plant  work  at  an 
operating  water  treatment  plant  aimed  at  enhancing  the  practicability  of 
powdered  activated  carbon  (PAC)  use.  Both  regular  or  emergency 
requirements  at  potable  water  treatment  plants  will  be  considered. 
Through  development  of  innovative  or  optimized  pilot  plant  design  and 
study,  the  project  seeks  to  emphasize  an  ease  of  physical  application  and 
subsequent  removal  of  PAC  from  the  process  stream.  This  goal  is  to  be 
consistent  with  effective  contaminant  adsorptions  and  practical  carbon 
reuse. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

Contract:  $330,125.00  over  three  budget  years. 

Present  Status:  Literature  search  on  present  use  of  PAC  and  alternative 
reactor  evaluations  is  completed. 


Place(s)  of  installation/application  (including  dates) 
Yet  to  be  determined. 
Project  to  be  completed  'iovember/89. 


I 
I 
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Patent  status,  if  applicable: 

Contractor  with  Province's  acquiescence  may  apply  for  rights  for 
extra-provincial  use. 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

Contractor:  Zenon  Environmental  Inc. 
Burlington,  Ontario 


Funding: 


Ontario  Ministry  of  Environment 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  HATER  SUPPLY  TECHNOLOGY  AWWARF  Code  *:      CA-Q4 

PROJECT  DESCRIPTION 

Project  Title: 

Deaeration  of  Oxygen  Super  Saturated   Raw  Water 


Contact  (name  of  person,  organization,  address,  telephone) 

A.  P.    Livingston 

Associated  Engineering   (Ont.)   Ltd. 

#107,   16  Four  Seasons   Place 

Toronto,  Ontario  M9B  6E5 

CANADA 

(416)   622-9502 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

During  the  winter  months,  supersaturated   levels  of  oxygen  are 
experienced   in  the   lake  raw  water  feeding  Buffalo   Pound  Water 
Treatment   Plant.     These   are   believed   to   be  due  to   algal   activity. 
High  levels  of  other  gases,   primarily  nitrogen  and   hydrogen 
sulphide  are  also  occasionally  experienced.     The  gases  adhere  to 
floe  particles  and  reduce  their  settleability.     A  scum  is   also 
experienced  on  the  clarifier  surface. 

Two   step  cascade  surface  deaerators  are  to   be  constructed  to  assist   in 
reducing  oxygen  levels   in  the  water  to   below  saturation  levels. 
Each  deaerator  has   a  width  of  17.3m  with  a   total,  multiple  stepped 
fall   of  4.0.     The  design   flow  rate   for  each   unit   is   127000m3/day. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.! 
Operating  and  cost  data  is  not  available  at  this  time. 


Pi ace( s)  of  installation/appl ication  (including  dates): 

Buffalo  Pound  Water  Treatment  Plant-Moose  Jaw,  Saskatchewan 

Owner  Cities  of  Regina  and  Moose  Jaw. 

Installation  will  be  commissioned  in  the  summer  of  1988. 


Patent  staus,  if  applicaole: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

Bench  scale  and  pilot  plant  research  was  undertaken  as  part  of 
predesign  engineering  for  the  expansion  of  the  existing  plant. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TKHHOUW? 

raojtcr  description 


AWWARF  Code  #:  CA~05 


Projac"    iicie: 

ELEVATION  OF  TREATED  WATER  PH  BY  AIR  STRIPPING. 


Ccncac-  vncme  or  person,  organization,  aaaress,  taiepnane) 


A. P.  LIVINGSTON 


TEL  (416)  522-9502 


ASSOCIATED  ENGINEERING  (ONT.)  LTD. 
#107,  16  FOUR  SEASONS  PLACE 
TORONTO,  ONTARIO 
M9B  6E5 


TFSjics  BtlcrTpcTon  [pTtHi  ac-scn  i  sc.-.gna;:c  tnagrsa  ir  apprspr.iwt); 

A  coarse  bubble  diffused  air,  air  stripping  system  has  beer. 
Installed  in  the  traatad  water  clear  veil  of  the  Buffalo  Pound 
Water  Treatment  Plant.   The  svstem  is  designed  tc  elevate  the 


p.-    of    the    ;  i  n  a . 


:ni-traaoec   vater    from    arouna    ...    to 


cv 


the  removal  of  carcon  dioxide,  thus  reducing  the  need  for  the 
addition  of  soda  ash. 

The  system  comprises  one  duty  and  one  standby  multistage  air 
blower #  each  of  B3m^/min  capacity  coupled  to  a  distribution  and 
diffusion  system  with  a  total  length  of  approximately  3CCm. 

Potable  water  quality  is  also  enhanced  by  the  simultaneous 
reduction  in  chlorinous  gas  concentrations  such  as  nitrogen 
trichloride . 


The  average  plant  flow  is  96 , 000m3/day . 
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unerasing  ana  cos:  aata  (including  aau  on  ernc-.cncy,  results,  T 


Prior  to  installation  of  the  systam,  the  annual  costs  for  the 
increase  of  pH  by  soda  ash  amounted  to  approximately  $200,000. 
It  is  estimated  that  an  annual  saving  of  about  S50,000  r.z:i 
results  from  the  use  of  the  air  stripping  system. 

The  saving  in  soda  ash  dose  rate  is  between  10-15  mg/L.   It  is 
not  feasible  to  increase  the  pH  above  7.5  due  to  the 
alkalinity  of  the  water,  unless  further  soda  ash  is  added. 


face's)  of  instaiiac:cn/acci:cat:cn  (inc:uc:nc  catas;' 


Buffalo  Pound  Watar  Treatment  Plant-Moose  Jaw,  Sasfcatche: 
Owner-Cities  of  aagina  and  Moose  Jaw. 
Installation  ComDlecec  in  1935. 


=  n . 


Other  Information  (e.g.,   funding   source,  cooperating  agencies,   its.):' 

Particular    attention   must    be    paid    to    ventilation   of    air    srace 
above   claarvaii    zo    eliainata    increase    in   partial    pressure' of 
COt    and   corresponding    reduction    in   systam  efficiency. 


If  avail  aole  attach  descriptive  publications,  technical    literature 
manufacturers'    specifications,  patent  descriptions,  etc. 
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BE361HG  WATER  SUPPLY  TECHNGLQGY  AWAflF  Code  *:       CA-Q6 

PROJECT  BESCUPTIOH 


Ccncaci  {name  or  person,  organization,  acaress,  ceiepnone;: 

A. P.  LIVINGSTON      ASSOCIATED  ENGINEERING  (ONT.)  LTD 

#107,  16  FOUR  SEASONS  PLACE 
TORONTO,  ONTARIO 
M93  6E7 


TEL  (4161  6  22-9502 


Pra'ec*  SiscrTpcTan  i,?;5ase  attach  a  schema; :c  anagram  '.  r  apcrccr:  ataj 

Co?ra::cr.ai  experienca  vith  -he  currant  G.A.C.  installation 
has  shovn  that  the  sys~esi  does  net  respond  immediatel"'  to 
p  a  a  :•:  TOC  and  gee  smi  r.  Loadings.   Co  to  2  d a  v  s  car.  a  1  a  s  a  a  t  e  f  c  r  e 
the  G.A.C.  system  affectively  cameras  pea;-:  leads.   In  addition, 
occasional  short  tar-  algal  blooms  occur  during  the  :-..-.. 2. 
regeneration  period  and  causa  unacceptable  taste  and  occurs  in 
tha  traatad  water. 

A  P.A.C.  dosing  system  was  proven,  through  pilot  trials,  to  da 
affective  in  reducing  the  pea:-:  Load  on  the  G.A.C.  contactors 
and  to  be  capable  of  reacting  to  pea:<  loads  more  quiefciy  than 
tha  G.A.C.  contactors. 

Tha  P.A.C.  system  will  also  be  used  to  control  short  term  taste 
and  odour  problems  cccuring  during  the  G.A.C,  winter  regeneration 

oericd . 
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Opening  ana  cost  aa:a  (inc;u<nng  aata  on  er::c;ency,   resm:s,   g-.-. 

Pilot    finals    indicate   a    P.A.C.    dose    of    about    15   mg/L   will 
achieve   a    reduction   of    the   TOC    loading   cf   about    10%,    and   a 
50%   reduction    in    the   geosmin    level    reaching   the   contactors. 

Cose   data    is    not   vat   available. 


?iaca;s;    or   *,nszz)  iat:sn/  acoi  -cation  (incuainc  catesfT 


Buffalo   Pound   'vatar    Trailer.;   Plant-Moose   Jaw,  Saskatchewan. 
Cvr.ar-Ci- ies    of   ?.srina    and   Moose   Jaw. 
Svszesi   "-'''ill    be   cc-r.i£3icned    in    193?. 


Other  ffiforaatlon  (e.g.,  funaing  source,  cooperating  agencies,  ets.}: 

Pilot    plant    research  was   undertaken   as    part   of    the   predesign 
■   engineering    for    the    expansion   of    the    existinc   olar.t. 


If  availaola  attach  descriptive  publications,  technical   literature 

manufacturers'    specifications,  patent  descriptions,   etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWMARF  Code  #:   CA-Q7 

PROJECT  DESCRIPTION 


Project  Title: 

Magnetometer  Surveys  for  Groundwater  Exploration 


Contact  (name"  of  "person,  organization,  address,  telephone): 

Laurent  Letendre/Scotte  Greene 

Hydrogeo  Canada  Inc. 

1100,  Dorchester  Blvd.  West 

Montreal  ,  Quebec  H3B  4P3 

CANADA 

(514)  866-2601 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

A  portable  magnetometer  records  the  magnetic  field  intensity  along 
grid  profiles.  The  data  is  processed  by  computer  and  interpreted, 
by  Hydrogeo  Canada,  Inc.,  based  upon  a  contoured  map  of  the 
magnetic  field  intensity  within  the  study  area.  The  varying  intensity 
is  interpreted  to  be  an  indication  of  thickness  of  overburden. 

This  interpretation  makes  the  magnetometer  a  particularly  useful 
tool  in  selecting  drilling  locations  in  alluvial  deposits.  The 
magnetometer  has  also  been  useful  in  identifying  fractures  and 
faults  (of  interest  in  de-contamination  projects).  Magnetometer 
surveys  could  be  followed  by  conventional  resistivity  profiles 
in  selected  areas  to  locate  thick  overburden  materials  of  suitable 
permeability  for  drilling  of  exploratory  and  production  boreholes. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 

About  $800  per  day  including  instrument  use  and  professional  fees, 
plus  field  expenses  (travel  and  accommodation). 

Office  data  processing  and  interpretation  is  also  $800  per  day. 


Place(s)  of  installation/application  (including  dates): 

Used  for  a  confidential  client  in  Eastern  Townships,  Quebec  to  determine 
location  of  fractures  in  which  contaminated  groundwater  may  move.  Used 
to  locate  possible  fractures  in  Miron  Quarry,  Montreal,  in  order  to 
evaluate  its  suitability  as  a  landfill  site.   (7-11  Nov,  1987). 
Used  also  in  locating  suitable  drill  sites  for  the  supply  of  water 
to  the  Wemindj.i  Band,  James  Bay  Territory,  Quebec  (Oct.  9th  -  Dec  12, 
1987).  Used  extensively  in  granite  areas  of  West  Africa  to  locate 
favorable  water  well  drilling  locations. 


Patent  staus ,  i  r"  app'l  i  cab'l  e: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHH0L06T 
PROJECT  DESCRIPTION 


AWARF  Code  #:     CA-08 


Project  Title: 

Hydrocarbon  leak  detection  using  radon 


Contact  (name  of  person,  organization,  aadress,  telephone): 


Laurent  Letendre/Scott  Greene 
Hydrogeo  Canada  Inc. 
1100  Dorchester  Blvd  West 
Montreal ,  Quebec 
H3B  4P3 


(514)  866-2601 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate] 


Racon  gas  is  an  inert,  radioactive  element  known  to  be  associated  with 
hydrocarbons.  The  radon  gas  rises  to  the  surface  from  subsurface  hydro- 
carbons by  way  of  diffusion  and  is  enhanced  by  methane  migration  to  the 
surface.  Thus  in  locations  where  hydrocarbons  exist  at  depth,  radon 
gas  will  be  present  within  the  soil  horizons  at  the  surface. 


A  radon  detector  is  used  to  measure  gamma  radiation  emitted  by  the 
Radon---  isotope  in  the  air  within  the  soil  horizons.  Numerous  air 
samples"  are  taken  about  the  study  area  at  a  constant  depth.  Corrections 
are  made  for  background  radiation  levels.  The  data  processing  produces 
a  map  of  the  relative  distribution  of  radon-??  over  the  study  area  and 
thus  a  plan  view  of  the  distribution  of  hydrocarbon  in  the  subsurface. 
This  is  an  essential  first  step  in  the  clean  up  of  hydrocarbon  spills. 
Concentrations  are  regi stares  in  the  memory  of  the  instrument,  and  are 
dumped  later  into  a  computer  for  processing.  The  computer  analyses  the 
data  using  our  own  software  and  plots  a  map  of  concentrations.  The  map 
inables  the  user  to  identify  immeidately  those  areas  where  rehabilitation 
is  needed,  prior  to  installation  of  piezometers  and  recovery  wells. 
Thus  the  source  location  of  the  spill  is  immediately  apparent  and  can 
be  treated  from  the  outset . 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 

Each  investigation  is  unique,  so  spacing  for  data  points  and  the 
number  required  are  variable.  Generally  5  or  6  days  field  and  office 
work  are  required,  at  a  cost  of  about  $600  per  day  plus  travel 
expenses. 


Place(s)  of  installation/application  (including  dates): 

Most  clients  for  this  type  of  work  prefer  confidentiality.  However, 
the  system  has  been  used  with  success  in  several  rural  and  urban 
settings  (gas  station,  schools,  industries)  in  Quebec  and  Nova  Scotia 


Patent  staus,  if  applicable: 


Other  information 

(e 

.g.i 

funding   source,   cooperating 

agencies 

etc.) : 

The  final    report 

on 

each 

radon   survey   incl 

udes   recommendations 

on 

how  to  carry  out 

the 

dee 

inup  of  the 

!  spill , 

work  which 

is  also 

done 

by  Hydrogeo  Canada , 

Inc. 

Repeated 

surveys 

during  a   c 

leanup  can 

serve  to   monitor 

the 

effect iven  ess 

of  the 

cl eanup. 

if  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:  CA-Q9 

PROJECT  DESCRIPTION 


Project  Title: 

Pilot  Plant  Assessment  of  Coagulation  and  Filtration  Strategies  for 
Treatment  of  Cold,  Low  Turbidity  Waters 


Contact  (name  of  person,  organization,  address,  telephone) 

Dr.  Erika  E.  Hargesheimer 

Glenmore  Waterworks  Laboratory  (35) 

P.O.  Box  2100 

Calgary,  Alberta  T2P  2M5 

CANADA 


Project  Description  (Please  attach  ""a  schematic  diagram  if  appropriate): 

The  effectiveness  of  low  temperature  (1  -  3°C)  drinking  water  treatment 
with  chemical  coagulants  and  filtration  aids  is  being  investigated. 
The  two  year  study  began  in  the  winter  of  1986  and  will  be  completed  in 
March,  1988.  The  cold  water  coagulation  studies  are  being  conducted 
firstly  at  bench  scale  followed  by  pilot  plant  scale  and  ultimately  at 
full  drinking  water  treatment  plant  scale.  The  effects  of  chemical 
addition  on  a  number  of  finished  water  quality  parameters  (pH,  satura- 
tion index  and  aggressiveness,  turbidity,  particle  size  distribution, 
bacterial  counts,  zeta  potential,  aluminum  concentration)  and  on  treat- 
ment plant  operations  (filter  bed  performance,  backwash  frequency)  are 
being  studied. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 
Estimated  Project  Operating  Costs:  $50,000 


Place{s) 

of  installation/application  (includ 

ing 

dates) : 

Glenmore 

Water  Treatment  Plant  and  Bears 

paw 

Wat 

2r  Treatment 

Plant 

Calgary, 

Alberta,  Canada  T2P  2M5 

The  City 

of  Calgary 

Engineering  Dept.,  Waterworks  Division 

P.O.  Box 

2100,  Calgary,  Alberta  T2P  2M5 

CANADA 

Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 
See  enclosed  report 


If  available  attach  descriptive  publications,  technical  1 iterature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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PRELIMINARY  FINDINGS  OF  FILTRATION  STUDY 
PART  1.  EXECUTIVE  SUMMARY 


WATERWORKS  DIVISION 

ENGINEERING  DEPARTMENT 

THE  CITY  OF  CALGARY 

JULY  22,  1987 


1.  BACKGROUND 


2.  APPROACH 


KEY  FINDINGS 

a.  Ferric  Sulpnats 

b.  Poiyel ectrolyte 

c.  Alum 


4.  CONCLUSIONS 

5.  RECOWENDATIONS 
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1.  BACKGROUND 

At  both  the  Glenmore  (GWTP)  and  Bearspaw  (3WTP)  Water  Treatment 
Plants,  chemical  coagulation  has  been  historically  practiced  only 
during  high  turbidity  periods  associated  with  spring  runoff.  During 
the  rest  of  the  year,  the  current  Federal  guideline  turbidity 
objective  of  1  NTU  can  be  easily 'achieved  without  the  use  of  alum  or 
polyelectrolyte.  The  provincial  Licence  to  Operate  has  not  in  the 
past  required  chemical  coagulation  as  a  mandatory  treatment  practice. 

Recently,  however,  studies  have  reported  that  Giardia  cysts,  bacteria 
and  other  microbiological  organisms  may  pass  through  the  filters. 
Chlorine  resistant  organisms  in  these  size  ranges  could,  therefore,  be 
present  even  though  the  finished  water  turbidity  is  well  below  the  1 
NTU  drinking  water  standard.  The  use  of  chemical  coagulation  would, 
perhaps,  reduce  the  potential  for  break-through  of  these  organisms. 
Very  little  specific  information  is  available  in  the  literature 
regarding  the  effectiveness  of  coagulant  and  filter  aids  under  the 
cold  water  (1  -  3  C)  low  turbidity  conditions  typical  of  both  GWTP  and 
BWTP  source  water.  Thus  in  1986,  Alberta  Environment  reouestec  that 
Waterworks  Division  explore  the  feasibility  of  year-round  cnemical 
coagul ation. 

2.  APPROACH 

The  Waterworks  Division  unaertook  a  preliminary  series  o~   Ion         I 
temperature  (1  -  3°C)  tests  ""cm  DecamDer  1336  to  March  1987.   The         u 
cold  water  coagulation  studies  were  conducted  firstly  at  bencr,  scale 
followed  by  pilot  plant  scale  and  ultimately  at  plant  scale.  The         jj 
program  of   stuaies   endeavorea   to   accommodate   existing   olant  • 

constraints  at  GWTP  and  BWTP  summarized  in  Taole  1  ana  Taole  2. 
respectively.  The  effects  of  chemical  addition  on  a  numoer  of 
finished  water  quality  parameters  (pH.  saturation  index  ana 
aggressiveness,  turbidity,  bacterial  counts,  zeta  potential,  aluminum 
concentration)  and  on  treatment  plant  operations  (filter  bed 
performance,  backwash  frequency)  were  studied. 


3.  KEY  FINDINGS 

Findings  detailed  below  for  ferric  sulphate,  polyelectrolyte  ana  alum 
are  summarized  in  Table  3. 

a)  FERRIC  SULPHATE 

OBSERVATIONS: 
-Performed  very  well  as  a  flocculant  ;n  ooth  bencr!  sca^a   ~-nc 

pilot  scale  stucies.  3rccuced  a  sett'eaole  flee  -.^cer 

conditions  and  dose  rates  at  which  alum  performed  poorly. 
-Formed  a  voluminous  brown  floe.  Sludge  disposal  would  likely 

require  construction  of  facilities  for  dewatering  and  removal  by 

hauling. 
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-Effected  pH  depression  and  increased  finished  water 
aggressiveness  to  an  even  greater  extent  than  corresponding 
doses  of  alum. 

-Finished  water  aluminum  concentration  unaffected  by  ferric 
coagulant.  Aluminum  levels  remained  at  20  -  40  ug/L. 

CONCLUSIONS: 
-More  expensive,  anticipated  problems  with  sludge  disposal  and 

substantial  alteration  in  water  aggressiveness  even  at  5-10  mg/L 

doses. 
-Full  scale  application  is  not  recommended  and  investigation  of 

this  coagulant  will  be  discontinued. 

b)  POLYELECTROLYTE  (Cat  Ftoc-T). 

OBSERVATIONS: 
-Effective  in  pilot  plant  applications  as  a  primary  coagulant. 
-Improved  turbidity  removal  while  leaving  aggressiveness  and  pH 

of  finished  water  unchanged.   (See  Table  3). 
-Proved  unsuitable  at  BWTP  as  a  primary  coagulant  for  treatment 

of  turbidities  above  1  NTU. 

CONCLUSIONS: 
-Recommend  further  study  of  polyel ectrolyte  as  filter 

conditioner,  coagulant  and  coagulant  aid  to  minimize  aose 

"squired.  (Investigate  plant  scale  pol  yel  ectrolyte  coag'j'atior 

at  turbidities  less  than  1  MTU). 
-May  not  be  significantly  more  exoensive  than  alum  if  aoses  are 

optimized. 
-Advantages  of  no  pH  alteration,  no  effect  on  fin^sned  water 

aluminum  concentrations  or  aggressiveness  ana  no  major  siucge 

disposal  problems. 
-Additional  chemical  costs  estimated  to  range  up  to  5175. 3CC- 

annually  for  0.5  mg/L  dosing  at  both  plants. 

c)  ALUM 

OBSERVATIONS: 
-Settleable  floe  did  not  form  with  alum  doses  of  5-10  mg/1  unaer 

cold  water  (1-3  °C)  low  turbidity  winter  conaitions. 
-Filters  effectively  retained  the  colloidal  floe. 
-Consequences  of  alum  doses  of  5-1G  mg/L  in  plant  scale 

experiments  at  both  GWTP  and  BWTP  are  summarized  in  Table  4. 

CONCLUSIONS: 

-Effects  of  cold  water  chemical  dosing  at  BWTP  and  GWTP  differ 
substantially.  One  plant  cannot  be  used  as  a  "model"  to  predict 
dose  and  response  at  the  other  treatment  facility. 

-3ossible  to  achieve  a  lower  turbidity  than  the  oresent  gca'  of 
0.5  NTH  using  5-10  mg/L  cold  water  alum  addition.  Minor  tiarges 
in  aose,  however,  aaverseiy  affect  plant  performance  as  well  as 
finished  water  quality. 

-Cold  water  alum  dosing  affects  water  aggressiveness  at  a 
critical  time  and  may  result  in  corrosion  by-products  (metals) 
and  bacteria  sloughing  off  distribution  lines  into  finisnea 
water. 
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-Additional  chemical  costs  estimated  to  range  up  to  $125,000 
annually  for  5  mg/L  dosing  at  both  plants. 

-An  alum  dose  of  10  mg/L  increased  aluminum  concentrations  from 
40  ug/L  in  raw  water  to  almost  250  ug/L  in  finished  water.  ■ 

Although  presently  there  is  no  water  quality  standard  for  | 

aluminum,  strict  control  of  aluminum  concentrations  is  warranted 
according  to  available  toxicity  data  reported  in  the  scientific 
literature.  The  American  Water  Works  Association  has  considered 
setting  an  operating  goal  of  200  mg/L  aluminum  in  finished 


water 


4.  CONCLUSIONS 

Gains  in  low  temperature  turbidity  removals  were  achieved  by  using 
alum  coagulation  in  pilot  as  well  as  full  plant  scale  tests.  While  a 
5  mg/1  alum  dose  at  GWTP  resulted  in  improved  removal  of  particulates 
in  the  size  range  of  microorganisms,  it  may  not  be  the  best  chemical 
for  cold  water  pretreatment.  Potential  adverse  effects  of  cold  water 
alum  adcition  and  some  operational  difficulties  were  noted  when 
comparea  to  other  chemical  pretreatment  alternatives  (See  Table  4). 
Although  these  preliminary  study  findings  show  promising  results  for 
chemical  addition  at  both  plants  under  winter  conditions,  further 
studies  are  required  to  investigate  coagulants  other  than  alum  and  to 
:ctimizs  treatment  processes. 


5 .   RECCWENDATIONS 

In  order  to  complete  investigation  of  yet  unanswerea  questions  ana 
explore  alternatives  to  alum,  studies  shoula  continue  in  the  winter  of 
1387-88.  To  accommodate  tnese  studies,  it  is  recommended  that 
cnemical  pretreatment  not  be  a  strict  operational  criteria  in  fcht 
upcoming  winter  season.  This  would  allow  study  of  dose  ratas. 
optimization  of  chemical  application  point  and  further  stuay  of 
alternative  pretreatment  chemicals.  Some  experiments  would  have  to  be 
carried  out  on  uncoagulated  water  for  comparison  purposes.  Therefore, 
periods  without  chemical  pretreatment  should  be  allowed  in  trie 
upcoming  1987-88  winter  season.  The  present  0.5  NTU  finished  water 
turbidity  goal  would  allow  the  necessary  flexibility  for  these 
continued  cold  water  coagulation  and  filtration  optimization  studies. 
The  following  points  remain  to  be  addressed: 

a)  What  are  the  actual  particle  sizes  associated  with  each 
turbidity  achieved?  Are  Giardia  cyst  size  ranges  effectively 
removed? 

b)  Are  there  efficient  chemical  pretreatment  alternatives  to 
alum? 

c)  What  are  the  actual  effects  of  altered  water  aggressiveness 
on   finished  water  quality  in  tne  distribution  system? 

d)  What  chemical  dosing  regimes  are  most  effective  for  8WTP  and 
GWTP? 

e)  What  analytical  techniques  can  be  used  to  precisely  control 
chemical  doses? 
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TABLE  1.   Glenmore  Water  Treatment  Plant  Constraints  Affecting 
Filtration. 


CONSTRAINT 

No  filter  to  waste  option 


No  common  injection  point 
(i.e.  influent  header)  to 
add  polyelectrolyte 

No  injection  point  for  poly- 
electrolyte addition  as  a 
coagulant 

Chemical  mixing,  flocculation 
depends  on  hydraulic  gradient 


EFFECT 

Higher  turbidity  (exceeding  0.5 
NTU)  water  produced  immediately 
after  a  backwash  cannot  be 
discarded.  Clearwell  water 
turbidity  usually  exceeds  typical 
filtered  water  turbidity 

Polyelectrolyte  is  added  at  filter 
influent  weirs,  reducing  effective 
mixing  and  contact  time 

Polyelectrolyte  has  historically 
been  restricted  to  filter  aid  use. 


Acceptable  at  high  flows,  but  low 
energy  input  at  low  flows. 


TABLE  2.  Bearspaw  Water  Treatment  Plant  Stage  I  Constraints  Affecting 
Filtration 


CONSTRAINT 

Filter  "strainers"  instead  of 
underarains 

Baffle  system  in  backwash 


Oversized  filter  control 
valves 


EFFECT 

Less  efficient  use  of  media, 
channel ing 

Uneven  distribution  of  air  scour 
and  backwash  water 

Flow  cycl ing 


CA-29 


TABLE  3.  Affects  of  cold  water  chemical  addition  on  finished  water 
quality. 


COAGULANT    %  Turbidity    %  Bacteria    Aggressiveness    Aluminum 
Reduction      Reduction       Shift        (ug/L) 


NONE 


ALUM 
(5-10  mg/L) 


FERRIC* 

SULPHATE 
(5-10  mg/L) 


P0LYELECTR0-* 
LYTE(5  mg/L) 


20  -  50 


70  -  85 


70  -  85 


70  -  85 


*  Pilot  Plant  application 
**  Not  measured 


65 

85 


** 
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increase 


marked 
none 


20  -  40 


100  -  250 


20  -  40 


20  -  10 
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TABLE  4,  Advantages  and  disadvantages  of  5-10  mg/L  alum  dosing  at 
GWTP  and  BWTP. 


ADVANTAGES 

i)  Turbidity  approximately  half 
that  without  chemical  pretreat- 

ment 


ii)  Filtration  efficiency  for 
bacteria  removal  improved 
from  65%  without  chemical 
pretreatment  to  greater 
than  85% 


DISADVANTAGES 

i)  Measurable  reductions  in  pH 
so  that  saturation  index  is 
altered  during  the  seasonal 
low  period  to  a  more 
aggressive  state 

ii)  Increased  finished  water 
aluminum  concentration  from 
100  ug/L  at  5  mg/L  dose  to 
over  220  ug/L  at  10  mg/L 
alum  dose 

iii)  With  increased  bed  run  time, 
filters  become  less  effective 
at  removal  of  aluminum 

iv)  Alum  dosed  at  10  mg/L  caused 
marked  filter  bed  instability 
with  brief  durations  of  0.8 
NTU  filtered  water  turoiaity 

v)  More  frequent  backwashes, 
more  alum  sludge  for  disposal 

vi)  Difficult  to  set  optimum  dose 


vii)  Added  chemical  costs  of 

approximately  $125,000  for 
alum  dosed  at  5  mg/L 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  t:        CA-1Q 

PROJECT  DESCRIPTION 


Project   Tide: 

Continuous  monitoring  system  for  toxic  spills  in  raw  water  supply. 


Contact  (name  or"  person,  organization, 

aadress , 

telepnone) : 

Dr.  R.  T.  Seidner 

The  City  of  Calgary 

Glenmore  Waterworks  Laboratory  (35) 

P.  0.  Box  2100 

Calgary,  Alberta 

Project  Description  (Please  attacn  a  schematic  diagram  if  appropriate): 

To  develop  and  operate  a  continuous  monitoring  system  for  the 
deleterious  material  in  the  surface  water  supply.  The  system  is  to  be 
capable  of  distinguishing  shock  loads  of  toxic  and/or  bulk  chemicals 
from  normal  environmental  variations  in  parameters.  The  system  is  to  be 
interfaced  with  the  operating  SCADA  computer. 

The  continuous  monitoring  system  acquires  measurements  of  conductivity, 
temperature,  pH,  dissolved  oxygen,  turbidity  and  fish  swimming  behaviour. 
Various  models  of  the  real  time  data  are  being  assessed  as  to  capability 
to  generate  alarms  to  the  operating  SCADA  computer. 

Fish  swimming  behavior  is  grouped  on  a  day/night  basis. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AUWARF  Code  *:      CA-11 

PROJECT  DESCRIPTION 


Project  Title: 

Investigation 
Distribution 

of   Indicator 
System 

Bacteria 

in 

the 

City 

of 

Cal 

gary 

Water 

Contact  (name  of  person,  organization,  address,  telephone) 

Dr.    Erika  E.   Hargesheimer 

Glemore  Waterworks   Laboratory 

P.O.    Box  2100 

Calgary,   Alberta  T2P  2M5 

CANADA 


Project  Description  (Please  attach  a  schematic  diagram"  if  appropriate) 
PROJECT  OBJECTIVES: 

1)  Identify  sources  and  nature  of  col i form  bacterial  populations  in 
the  City  of  Calgary  treated  water  supply. 

2)  Assess  biofilm  development  and  stability  of  deposited  oiofilm  in 
piping  and  on  plumping  devices. 

3)  Conduct  special  tests  to  enumerate  general  bacterial  populations, 
soeciate  and  profile  total  coliforms,  enhance  the  recovery  of 
injured  coliforms  and  provide  rapid  identification  of  E.  col |. 

4)  Evaluate  significance  of  recovered  organisms. 

An  in-depth  survey  of  bacterial  populations  is  planned  to  supplement 
the  routine  microbiological  monitoring  program.  Samples  will  be 
collected  from  more  environments,  more  frequently  and  in  larger 
volume.  A  broad  spectrum  of  specific  tests  will  be  conducted  on  these 
extensive  samplings  to  better  characterize  the  source  and  nature  of 
coliform  organisms  in  water  throughout  the  treatment  plants  as  well  as 
drinking  water  in  the  City  of  Calgary  distribution  network. 

PROJECT  STATUS:  The  research  olan  has  been  formulated  and  a  proposal 
for  funding  has  been  submitted.  Pending  the  successful  granting  of 
requested  funding,  the  project  will  be  conducted  over  a  two  year 
period  beginning  in  June,  1988. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.; 


Project  Operating  Costs:  $203,000.00  over  two  years. 

(Funding  support  requested  from  Alberta  Environment,  $118,000). 


Place(s)  of  installation/application  (including  dates) 

Glenmore  Waterworks  Laboratory  (35) 

City  of  Calgary 

Engineering  Dept.  Waterworks  Division 

P.O.  Box  2100 

Calgary,  Alberta  T2P  2M5 

CANADA 


Patent  staus,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 
Funding  Source:  Alberta  Environment 
Cooperating  Agency:  City  of  Calgary  Health  Service 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:   CA-12 


Project  Title: 

Evaluation  of  Coliphage  Virus  Enumeration  as  a  Surrogate  Indicator 
of  Human  Enteric  Viruses  in  Alberta  Surface  Waters  and  Treated 
Drinking  Waters. 


Contact  (name  of  person,  organization,  address,  telephone) 

Dr.  Erika  E.  Hargesheimer 

Glenmore  Waterworks  Laboratory  (35) 

P.O.  Box  2100 

Calgary,  Alberta  T2P  2M5 
CANADA 
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Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

Gne  year  term  crojact  in  orcgress  (Completion  data,  July.  1387). 
Results  and  final  report  availaole  ay  Oecamoer,  1987. 

PROJECT  OBJECTIVES: 

1)  To  determine  tne  frequency  of  coliphage  and  enteric  virus 
isolation  in  surface  and  treated  drinking  water  in  Alberta 
and  to  assess  the  need  for  routine  monitoring  programs  in 
municipal  drinking  water  treatment  plants. 

2)  To  examine  the  usefulness  of  coliphage  monitoring  as  a 
surrogate  for  human  virus  monitoring  by  investigating  the 
correlation  between  the  incidence  of  the  two  virus  types. 

3)  To  evaluate  the  efficiency  of  three  Alberta  drinking  water 
treatment  olants  in  eliminating  fecal  indicator  Dacteria, 
enteric  viruses  and  colionages  and  to  determine  tne 
correlation  between  viruses  and  standard  water  quality 
monitoring  techniques. 

Surface  water  sanrales  will  be  collected  before  and  after  treated 
sewage  and  urban  runoff  inout  from  Calgary  and  Edmonton.  Samoles 
will  be  collected  throughout  the  processes  of  three  drinking  water 
treatment  Plants.  Analysis  of  sewage  affluent  samnles  will  sarva  as 
positive  contro's  and  will  also  be  used  to  further  explore  tne 
correlation  between  the  incidence  of  coliphage  and  antaric  viruses. 
In  order  to  assess  the  need  for  routine  examination  of  raw  and 
finished  water  samoles  for  viruses,  their  occurrence  will  be 
correlated  with  standard  water  quality  tests.   Water  samnies  will 
be  analyzed  for  colionages,  entaric  viruses,  simole  microbial 
indicators  (Heterotroonic  Plata  Count,  total  and  "acal  coHfona 

rranWtOTS  {TBTSTBTtS  ana  cniorine 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

Project  Operating  Costs:  $50,000  ($37,700  provided  by  the 

Alberta  Environmental  Research  Trust  adn  remaining  funds  as  well  as 

project  support  staff  provided  by  the  City  of  Calgary). 


Place(s)  of  installation/application  (including  dates) 

Glenmore  Waterworks  Laboratory  (35) 

City  of  Calgary 

Engineering  Dept.  Waterworks  Division 

P.O.  Box  2100 

Calgary,  Alberta 


Patent  staus,   if  applicable": 


If  available  attach  descriptive  publications,   technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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EMERGING  MATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:       CA-15 

PROJECT  DESCRIPTION 


Project  Title: 

Incidence  of  Legionella,  Aeromonas  and  Campylobacter  in  Municipal 
Source  and  Treated  Drinking  Water 


Contact  (name  of  person,  organization,  address,  telephone): 

Dr.   Erika  E.   Hargesheimer 

Glenmore  Waterworks   Laboratory  (35) 

P.O.   Box  2100 

Calgary,  Alberta  T2P  2M5 

CANADA 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

Sample  col  lection  .and  analysis  for  the  two  year  project  are  complete 
ana  a  final  report  is  currently  in  preparation.  Over  300  samples  were 
analyzed  for  Aeromonas.  Campylobacter  and  Legionella.  The  original 
one-  year  project  was  extended  and  the  objectives  of  the  final  one  year 
of  the  project  (October,  1986  -  November,  1987)  were: 

1)  To  complete  investigation  of  seasonal  variation  of  the 
opportunistic  pathogens  Aeromonas .  Campylobacter  and 
Legionel  7a  in  the  source  water  supplies  ror  the  City  of 
Calgary  through  lake  turnover  (May)  and  spring  runoff  1987 
(June  -  July) 

2)  To  pinpoint  the  source  of  detected  Aeromonas  and 
Campylobacter  by  expanded  reservoir,  river  ana  storm  sewer 
monitoring.  To  expand  the  Legionella  sampling  network  to 
include  public  building  air  conditioning  systems,  hot  water 
tanks  and  boilers. 

3)  To  correlate  the  incidence  of  these  organisms  to  standard 
water  quality  monitoring  techniques  of  Heterotrophic  Plate 
Count  and  Total /Fecal  col i forms. 

4)  To  complete  study  report  and  assessment  of  findings. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 

Project  Operating  Costs:  $45,000.00  over  two  years. 
Funds  provided  by  the  Alberta  Environmental  Research  Trust 


Place(s) 

of  insta 

1  lation/appl ication 

( incl ud- 

ng 

dates) : 

Glenmore 

Waterwor 

ks  Laboratory 

(35) 

City  of 

Cal gary 

Engineering  Dept. 

Waterworks   Di 

v. 

P.O.   Box 

2100 

Calgary, 

Alberta 

T2P  2M5 

* 

CANADA 

Patent  staus,  if  applicable; 


Other 

information   (e 

•g., 

funding 

source, 

cooperaf 

ng   agencies, 

etc.) : 

Fundi 

ng  Source:     Alberta 

Environmental    Research  Trust 

Cooperating  Agency: 

Mount  Royal 

College 

Calgary, 

Al  berta 

If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:  CA-14 

PROJECT  DESCRIPTION 


Project  htle: 

Artificial  Recharge  of  Treated  River  Water 


Contact  (name  of  person,  organization,  address,  telephone! 

Gary  J.  Komar,  P.Eng. 

M.M.  Dillon  Limited 

P.O.  Box  1850,  Station  A 

Willowdale,  Ontario 

M2N  6HS  (416)   229-4646 


Project  Description  Ik  lease  attach  a  scnematic  Qiagram  if  appropriated: 

In  the  mid-1970' s  the  cities  of  Waterloo,  Kitchener  and  Cambridge  in 
Ontario  were  faced  with  the  problem  that  municipal   water  demands  *ere 
growing   so   rapidly  that  existing  groundwater  resources  would  be   soon 
fully  utilized.     The  Regional    Government  undertook  a  number  of 
investigations  over  the'past  10  years;   these  included: 

new  groundwater  supplies; 

a  Great  Lakes  pi  pel ine; 

a  local    surface  source  -   the  Grand  River. 

The  ultimately  decided  on  system  was   that  of  artificial    recharge.     The 
Mannheim  artificial    recharge  scheme  uses  the  storage  capacity  of  a   dry 
sand/gravel    formation  as  an  underground  reservoir  to  overcome   seasonal 
flow  fluctuations  of  the  recharge  source  (the  Grand  River).     Prototype 
testing  of  the  injection  wells  and  recharge  basins   is  planned  for  the 
next  5-8  years  and  the  recharge  scheme  should  be  operational   by  the 
year  2001.     Until    this  time,   the  cities  will    be   supplementary ly 
supplied  directly  with  treated  water  from  the  Grand  River.     The 
requirement  for  the  recharge  scheme  was  predicated  on  two  factors: 

the  desire  of  consumers  to   continue  with  "groundwater" 
(stable  temperature) ; 

the  need  to  maximize  the  supply  capability  of  the  Grand 
River  source. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 
Data  will  not  be  available  until   prototype  testing  is  completed. 


Place(s)    of  installation/application   (including  dates): 

Prototype  testing  of  artificial   recharge  wells  and  basins  will   take 
place  in  Kitchener,  Ontario,  over  the  next  5  to  8  years. 


Oth 

er  1 

nfomation 

(e.g.,  fundi 

ng  source, 

cooperati 

ng 

agencies ,  etc.) : 

The 

Region 

of 

Waterloo  will 

provide  th 

e  funding 

for 

development 

of 

the  art" 

ficial  recharge 

works. 

If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,   patent  descriptions,   etc. 
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THE  REGIONAL  MUNICIPALITY  OF  WATERLOO 
MANNHEIM  ARTIFICIAL  RECHARGE  SCHEME 


The  Cities  of  Waterloo,  Kitchener  and  Cambridge  are  unique  in 
Canada  because  together  they  make  up  the  largest  metropolitan 
area  in  the  country  solely  using  ground  water  for  their  source  of 
water  supply.  The  three  cities  have  a  present  total  population  of 
about  275,000.  They  have  common  municipal  boundaries  and  are 
located  in  Southwestern  Ontario  in  the  Great  Lakes  Region,  about 
65  kilometres  from  the  nearest  lake,  La.<e  Ontario. 

In  the  mid  1970's,  the  three  cities  were  faced  with  a  potentially 
serious  problem  -  municipal  water  demands  were  growing  at  such  a 
rate  that  available  ground  water  supplies,  primarily  within  city 
boundaries,  would  be  fully  utilized  within  the  not  too  distant 
future.  Confronted  with  this  problem,  the  Region  of  Waterloo, 
which  is  responsible  for  the  water  supply  to  the  three  cities, 
undertook  a  number  of  investigations  over  the  past  10  years 
looking  for  a  new  source  of  water  supply.  Some  of  the  potential 
sources  that  were  evaluated  include  new  ground  water  supplies  in 
the  rural  areas  surrounding  the  three  cities,  a  Great  Lakes 
pipeline,  and  a  local  surface  source  -  the  Grand  River.  The  Grand 
River  could  be  used  as  a  direct  supply  of  treated  water  or  as  a 
source  for  an  artificial  recharge  scheme. 

The  water  supply  scheme  that  was  ultimately  chosen  is  referred  to 
as  the  Mannheim  Artificial  Recharge  Scheme.  The  recharge  scheme 
should  be  operational  by  2001.  Prototype  testing  of  injection 
wells  and  recharge  basins  is  planned  over  the  next  5  to  8  years. 

The  Mannheim  Artificial  Recharge  Scheme  uses  the  storage  capacity 
of  a  dry  sand/gravel  formation  as  an  underground  reservoir  to 
overcome  seasonal  flow  fluctuations  of  the  Grand  River.  The 
Mannheim  Scheme  is  centred   on  the   top  of  a  moraine  in  an  aban- 
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domed  gravel  pit  located  in  West  Kitchener,  about  8  kilometres 

from  the  Grand  River  source.  Raw  river  water  would  be  pumped  up 

to   the   Mannheim   site,   where   it   would   be   pretreated   and 

artificially  recharged  using  either  recharge  basins  or  injection 

wells.  There  is  approximately  40  m  of  dry  formation  that  now  sits 

between  the  bottom  of  the  gravel  pit  and  the  regional  water 

3 
table.  There  is  the  capability  of  storing  11.5  million  m   of 

recharged  water  in  the  dry  formation,  enough  water  to  supply  the 

three  cities  for  six  months  based  on  predicted  average  day 

demands  in  the  year  2016.  The  recharged  surface  water  would  be 

recovered  by  a  recovery  well  ring  located  around  the  recharge 

si  te. 

The  artificial  recharge  scheme  maximizes  the  supply  capability  of 
the  Grand  River  by  abstracting  more  surface  water  in  the  spring 
and  fall  seasons  when  streamflows  are  above  average,  and  taking 
less  water  in  the  summer  and  winter  when  river  flows  are  low.  The 
spring  and  fall  abstractions  are  stored  in  the  underground 
reservoir  until  needed  during  summer  peak  demands. 

A  secondary  benefit  of  the  artificial  recharge  scheme  is  that  the 
seasonal  quality  fluctuations  of  the  surface  water  are  eliminated 
when  the  recharge  water  is  stored  in  the  ground.  The  consumers  of 
the  three  cities  are  accustomed  to  a  hard,  constant  temperature 
(10°C),  untreated  ground  water  supply.  Artificial  recharge  would 
make  the  softer,  warm  to  cold  (23°C  in  the  summer  months  and  2°C 
in  the  winter  months)  pretreated  surface  water  similar  to  ground 
water  quality  through  movement  and  detention  in  the  underground 
reservoir . 

Until  the  artificial  recharge  works  are  operational  in  2001,  the 
cities  will  be  supplied  directly  with  treated  water  from  the 
Grand  River. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWVARF  Code  # 


CA-15 


Project    line: 


Process  Optimization  for  Biological  Treatment  of  Drinking  Water 


Contact  (name  of  person,  organization,  address,  telepnone):  " 

Dr.  P.M.  Huck  Co-investigator3: 

Department  of  Civil  Engineering  Dr.  P.M.  Fedorak,  Microbiology 

University  of  Alberta  Dr.  D.W.  Smith,  Civil 

Edmonton,  Alberta  Engineering,  University  of  Alberta 

T6G  2G7  Dr.  D.T.  Williams,  Health  and 

Tel.  (403)  432-4738  Welfare  Canada 


Project  Description  (Piease  attach  a  scnematic  diagram  it  apc'-Tiate) ■ 

Drinking  water  treatment  in  North  America  relies  almost  exclusive ly 
on  chemical  and  physical  processes  and  seeks  to  avoid  a»y  microbiol  oglcat 
activity  in  the  treatment  plant,  m  contrast,  advanced  European  practice 
encourages  microbiological  activity,   particularly  through  tte  *  use  of 

ozone  and  granular  activated  carbon  (GAC)  .  Biological  processes  of^r  a 
number  of  advantages  including  lower  disinfectant  dosages  and  therefor,  a 
reduction  in  the  formation  of  harmful  organic  byproducts. 

Considerable  process  investigation  must  be  done  before  biological 
processes  could  be  successfully  introduced  into  Canadian  drinking  water 

S2TJ  fJ?  f?"  °f  Particular  ^Portance  is  the  impact  of  ozone, 
rfhich  significantly  increases  the  concentration  of  easily  biodegradable 
or  assimilable  organic  carbon  (AOC).  This  can  lead  to  significant 
bacterial  regrowth  problems  in  the  distribution  system. 

1(V  Altho*<?h  ^thods  have  recently  been  developed  in  Europe  to  quantify 
AOC  and  the  associated  regrowth,  they  have  not  been  used  to  optimize 
biological  treatment.   The  objectives  of  the  project  are- 

1.  to  evaluate,  for  one  of  the  typical  surface  water  tvpes  used  for 
drinking  water  preparation  in  Canada,  the  extent  to  which  biological 
treatment  can  reduce  the  level  of  disinfectant  required,  and  the 
associated  byproduct  formation, 

2.  to  determine,  over  a  complete  annual  cycle,  the  range  of  orocess 
conditions  capable  of  producing  substantial  removals  of  both  total  and 
assimilable  organic  carbon,  with  acceptable  levels  of  bacterial 
Diomass  m  the  process  effluent, 

3.  to  establish  whether  a  biologically  stable  water  can  be'  produced 
following  ozonation,  without  GAC, 

to  quantify  the  impact  of  improved  turbidity  removals  on  the 
biological  stability  of  the  final  water, 

to  model  mathematically  biodegradation" in  filters  and  biodegradation  t 
adsorption  in  GAC  contactors  as  an  aid  in  interpreting  and  extending 
the  experimental  results,  and 

to  transfer  the  study  information  to  the  consulting  and  municipal 
sectors  and  to  government  regulatory  bodies. 


4. 


-5. 
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Operating  ana  cost  data  (including  data  on  effi 


ciencv,  resul ts,  etc. 


Not  yet  available.   Project  commenced  in  November  1987. 


Place(s)  of  installation/application  (including  dates): 

Research  will  be  conducted  using  a  previously  constructed  pilot 
plant  Located  at  the  City  of  Edmonton's  Rossdale  Drinking  Water  Treatment 
plant.  See  project  entitled  "Evaluation  of  Alternative  Drinking  Water 
Treatment  Processes  at  Pilot  Scale  by  Means  of  Mutagenicity  Testing"  fQr 

more  details. 


■    Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 
The  project  is  funded  by  the  Natural  Sciences  and  Engineering 
j  Research  Council  of  Canada  (NSERC)  Strategic  Grants  Program.   Funding  for 
;  operations  (1987-89)  is  5370,426,  while  funding  for  additional  eauioment 
was  also  provided  ($65,696).    The  pilot  plant  was  constructed"  for  a 
previous   study   funded   largely   by   Health   and   Welfare   Canada. 
|  Representatives  of  the  municipal  and  government  sectors  will  be  involved 
I  U  the  project.    Technology  transfer  seminars  are  planned  to  further 
i  disseminate  the  results. 


If  availaDle  8' 
manufacturers' 


:ach  descriptive  publications,  technical  literature, 
specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:       CA-16 


Project   rule: 


Evaluation  of  Alternative  Drinking  Water  Treatment  Processes  at  Pilot 
Scale  by  Means  of  Mutagenicity  Testing 


Contact  (name  of  person,  organization,  address,  telephone 


Dr.  P.M.  Huck 

Department  of  Civil  Engineering 

University  of  Alberta 

Edmonton,  Alberta 

T6G  2G7 

Tel.  (403)  432-4738 


Co-investigator : 

Dr.  D.T.  Williams 

Health  and  Welfare  Canada 


Project  Description  (Please  attacn  a  schematic  diagram  if  app---nate)  ■ 
The  objective  of  the  project  is  to  examine  alternative  drinking 
water  treatment  processes  at  pilot  scale  using  mutagenicity 
Mutagenicity  testing  using  bacteria  is  a  screening  procedure 
capable  of  giving  qualitative  information  on  carcinogenic  risk. 
The  specific  research  objectives  are: 


testing, 
which  is 


3, 


processes,  particularly  different 


to  examine  alternative  treatment 

combinations  of  oxidants; 

to  monitor  the  breakthrough  of  mutagenicity  on  granular  activated 

carbon  and  quantify  the  removal  capability  of  GAC  for  mutagenicity 

to  assess  a  yeast  assay  which  may  be  more  sensitive  than  the  Commonly 

used  Ames  Salmonella  mutagenicity  test;  and, 
4.   to  attempt  to  make  correlations  between  mutagenicity/  and  othe- 

surrogate  parameters  such  as  trihalomethanes ,  TOX  and  UV  'absorbance. 
The  study  is  being  carried  out  by  operating  different  oxidants,  each 
followed  by  granular  activated  carbon,  in  parallel  in  a  pilot  plant. 
Using  sampling  points  after  each  process  step,  samples  are  concentrated 
on  XAD-2  resin  for  mutagenicity  screening  in  parallel  with  GC  and  GC/MS 
analyses. 

The  project  is  expected  to  provide  significant  quantitative 
information  concerning  the  formation  and  reduction  of  mutagenicity  in 
drinking  water  treatment  and  its  relation  to  other  oarameters.  This  wiP 
assist  in  providing  a  more  comprehensive  evaluation  of  alternative 
drinking  water  treatment  processes  than  chemical  testing  alone. 
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uperating  ana  cost  data  (including  data  on  efficiency,   results,  etc.): 

Construction,  installation  and  modifications  to  the  pilot  plant  have 
cost  roughly  $150,000  (Canadian)  to-date.  The  typical  monthly  ooeratir.g 
cost  to  maintain  such  a  facility  and  conduct  research  of  this  nature  in  a 
university  setting  is  approximately  $14,000.  The  cost  of  equipment  such 
as  gas  chromatographs,  GC/MS,  TOC  analyzer,  TOX  analyzer,  incubators  and 
other  such  equipment  is  not  included  in  these  totals. 


Place; 


a:  instai  laticn/appi  ication  (inducing  dates 


A  pilot  plant  constructed  with  chemically  inert  materials  (glass 
stainless  steel  and  fluorocarbons)  was  installed  at  the  Rossdale  Drinkinq 
^ater  Treatment  Plant  in  Edmonton,  Alberta,  Canada  in  the  spring  and 
summer  of  1985.  The  plant  was  modified  in  the  fall  of  1986  to  accommodate 
the  research  objectives  of  this  project. 

Chemical  analyses  and  mutagenicity  testing  were  performed  at  the 
University  of  Alberta. 

The  draft  project  report  was  submitted  in  November  1987. 
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Other   infarction   (e.g.,    funding   source,   coccei-ating   agencies,    etc.): 
The   overall  project  cose   is   estimated  to  be   5257,872.      Sources   of   funding 
are    as    fallows:       American   Water   Works    Association    Research    Foundation    - 
$186,45  1,    the    University   of   Alberta    -    $62,034    and    the   City   of    Edmonton    - 
519,337. 

In  addition,  Health  and  Welfare  Canada  and  Supply  and  Services  Canada 
provided  a  contract  in  1934  which  provided  $238,295  for  construction  of 
che     pilot    plant. 

The    city   of    Edmonton   provided    the   pilot    plant    enclosure    with 


•associated 


vent 


.ation.    plumbing,    heating   and   electrical   svstems. 


I'  available  S'tac.l  atscripcive  publications,  technical    literature, 
manufacturers'     sseci f ications ,   patent  descriptions,    etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:  _  CA-17 

PROJECT  DESCRIPTION 


Project  Title: 

Water  Plant  Optimization  Study 


Contact  (name  of  person,  organization,  address, 

telephone) : 

K.  Roberts/R.  Hunsinger 

Ministry  of  the  Environment 

Water  Resources  Branch 

Drinking  Water  Section 

1  St.  Clair  Avenue  West 

Toronto,  Ontario  M4V  1K6 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

"he  majority  of  drinking  water  supply  facilities  in  Ontario  have  treatment  directed  at 
-ucrotnoloqical  disinfection  and/or  removal  of  suspended  oaterial. 

"he  purpose  or  the  iater  Plant  Optimization  Study  (WPQS)  is  to  document  and  review  the  present 
conditions  and  determine  an  optimum  treatment  strategy  for  contaminant  removal  at  the  plant, 
with  emphasis  on  the  removal  of   particulate  materials  and  disinfection  processes. 

The  following  items  relate  to  the  emphasis  on  particulate  removal  in  a  plant  evaluation: 

Organic  contaminants  are  often  associated,  at  least  in  part,  with  particulates. 

"  Particulates  themselves  have  health-related  limits  (turbidity/bacteria) . 

In  striving  for  excellence  in  water  treatment,  it  is  important  to  examine  all  possible 
approaches  and  requirements,  but  first  optimum  use  should  be  made  of  the  processes 
already  in  place. 

Operator  training  and  certification  13  an  important  component  of  plant  optimization.  Plans  are 
already  underway  with  the  Ontario  MOE/Municipal  Engineers  Association  (MEA)  to  implement  such  a 
program. 

The  mechanism  for  ensuring  ongoing  optimization  will  be  through  an  annual  update  by  MOE  staff  or 
consultants,  or  a  combination  of  the  two. 

The  study  has  been  organized  with  a  team  approach  in  mind;  thus,  progress  reports  and  a  meeting 
with  the  Project  Committees  are  required  as  the  work  progresses. 

It  is  not  the  intent  of  this  study  to  provide  a  detailed  implementation  scheme  for  plant 
rehabilitation. 

A  Protocol  for  the  WPQ5  was  prepared  which  included  detailed  Terms  of  Reference  and  a 
standardized  format  for  the  Report  Table  of  Contents  (copy  attacned).  The  work  tasks  recuired 
the  consultant  to  examine,  in  detail,  thrse  years  of  daily  and  -nonthly  operating  data,  oreoars  a 
comprenensive  assessment  af  plant  operations  and  the  level  of  treatment  performance  achieved  and 
to  provide  recommendations  for  short  and  long  term  modifications  in  order  to  obtain  optimum 
Cisinfection  and  contaminant  removal. 
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dpi 

irating  and  cost  data  (including  data  on  efficiency, 

results,  etc 

■): 

Forty- 

-one  water  treatment  plants 

have  been  studied 

-  about  10 

reports  are 

final 

(end  of  February  1988) 

and 

all  reports  will 

be  finished 

by  April 

1988. 

Plant 

consultants  chosen  were  generally  the  original  designers 

;  around 

10 

consu 

tants  worked  on  the  41 

plants. 

Average  cost  for  the  studies 

was 

about  $35K/p1ant. 

Including 

internal 

staff 

time,  the  project  has  cost 

about  $2M  for  the 

41  plants. 

Place(s)  of  installation/application  (including  dates): 

Forty-one  plants  throughout  Ontario  between  August  1986  to  Aori"  1983 
(list  attached).  These  plants  cover  around  70-75%  of  Ontario  peculation 
on  piped  water. 


Patent  status,  if  applicable: 
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SUMMARY 

Nitro  and  chioro-benzenic  compounds,  which  are  widely  used  in  dye 
industries,  have  been  associated  recently  with  groundwater  contamination. 
Because  of  their  potential  toxicity  and  for  taste  and  odor  considerations, 
three  main  actions  were  decided  to  solve  the  problem.  First,  to  follow  the 
advance  of  pollution  toward  the  wells,  samples  were  collected  automatically 
and  analyzed  using  GC-MS.  Results  indicate  that  o-chloronitrobenzene  was 
the  main  pollutant  in  concentrations  ranging  from  10  to  20,000  y<j/l. 
Second,  to  monitor  the  drinking  water  quality,  an  on-line  spectroDhotcmeter 
was  used  to  measure  the  optical  density  at  254  run  at  the  inlet  and  outlet 
of  the  plant.  Third,  the  feasibility  of  using  the  0,/H-O.,  combination  was 
determined  at  a  450  1/h  pilot  plant.  Reduction  of  chloronltrobenzenes  from 
1.9  mg/1  to  less  than  20  uq/1  could  be  reached  by  the  application  of  8  g 
0,/mJ  and  3  g  f^Oy'm'  with  a  20-minute  contact  time.  To  avoid  an  eventual 
bacterial  regrowtn  in  the  network  due  to  biodegradability  of  the  oxidation 
by-products,  sand  and  GAC  filtration  were  tested  after  oxidation.  An 
evaluation  of  the  costs  of  these  different  treatments  is  also  presented. 

1.  nraoxjeTTON 

Organoleptic  problems  have  always  concerned  the  water  supply  industry. 
New  techniques,  such  as  flavor  profile  analysis  and  closed  looo  striccir.g 
analysis  (1),  provide  a  better  understanding  of  taste  and  odor  causing 
compounds  as  -veil  as  mechanisms  and  origins.  The  use  of  such  techniques  for 
water  quality  control  has  allowed  detection  of  pollution  caused  by  stored 
wastes.  These  wastes  have  infiltrated  the  soil'  and  polluted  groundwater 
near  -veils  used  for  drinking  water  production. 

Chloro  and  nitrobensenic  compounds  which  are  the  main  pollutants  are 
widely  used  in  chemical  industries  for  dye  synthesis.  These  types  of 
compounds  have  been  associated  recently  with  -water  contamination  "(2,3). 
Because  of  their  possible  toxicity  (4)  and  their  effect  on  taste  and  odor 
(5),  the  use  of  such  water  for  the  production  of  drinking  water  requires  a 
sophisticated  treatment  in  order  to  remove  these  compounds. 

To  solve  this  pollution  problem,  three  main  courses  of  action  were 
undertaken.  First,  to  follow  the  path  of  the  advance  of  pollutants  toward 
the  wells,  samples  -were  collected  from  different  sites  bv  use  of  a 
continuous  liquid-liquid  extraction  device,  after  which  GC/MS  analysis  on 
the  extract  -was  performed  in  the  laboratory.  Second,  to  monitor  the  quality 
of  the  drinking  water,  an  on-line  spectrophotometer  -was  used.  The  optical 
density  at  254  nm  (which  is  representative  of  the  aromatic  ccmccunds")  was 
measured  continuously  on  water  at  the  inflow  and  outflow  of  the  drinking 
■water  treatment  plant.  Third,  the  feasibility  of  a  ccnrolete  treatment  line 
comprising  an  QyH-Q,  combination  for  the  detoxification  of  the  orcundwater 
was  determined.  The"  Sim  of  this  article  is  to  present  results  'concerning 
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the  optimization  of  such  a  treatment  line  and  to  give  cost  evaluation. 

2.  MATERIALS  AND  METHODS  U 

Pilot  Plant 

The  study  is  performed  on  a  450-1/h  pilot.  This  pilot  comprises  :  two 
ozone  contactors  (150  ram  in-diameter,  4  m  in  height),  an  ozone  generator 
(Degremont,  France)  which  produces  up  to  10  g/h,  a  dosage  system  for 
hydrogen  peroxide  which  permits  the  injection  of  a  diluted  solution  in  the 
input  of  the  two  columns,,  and  two  filters  running  in  parallel  (sand  and  * 

GAC)  after   the  oxidation   step  to   reduce  biodegradable   oxidation         | 
by-products.  " 

Analytical  Methods 
Ozone  concentration  in  the  gas  and  dissolved  ozone  in  water  are         .1] 
measured  respectively  by  the  KI  and  indigo  methods  ( 6 ) .  I 

The  concentration  of  H-CL  in  the  stock  solution  and  the  residual  in 
water  are  measured  using  an  iodometric  method.  _ 

identification  and  dosage  of  the  benzene  derivatives  were  performed         $ 
using  2  types  of  liquid-liquid  extraction.  For  concentrations  above  10         ™ 
jug/1,  1  liter  of  water  adjusted  to  pH  2  was  extracted  by  100  ml  of 
methylene  chloride  added  in  three  times.  Extract  was  concentrated  to  1  ml         | 
using  Dufton  distillation  columns.  Two  microliters  were  injected  "on         I 
column"  in  a  gas  chromatograph  (GC)  (Varian  3500,  USA)  on  a  fused  silica 
50  m  capillary  column  (Chrompack  OV  1701).  Detection  and  quantification 
were  realized  with  a  flame  ionization  detector.  Identification  was  done  by         J 
the  use  of   a  mass   spectrometer  (MS)   ( Finnigan   ITDS,  USA).   For         I 
concentrations  lower  than  10  fjq/i,   a  second  technique  was  used.  1  liter  of 
water  was  extracted  by  small  volumes  of  benzene  (2  to  5  ml).  The  extract         ■ 
was  injected  in  GC  equiped  with  an  electron  capture  detector  to  reach         I 
sensitivity  limits  of  0.1  to  0.05  vq/l.  ™ 

Sensory  analyses  used  to  evaluate  taste  and  odor  characteristics  were 
threshold  odor  number  technique  (TON)  and  flavor  profile  analysis  (FPA) 
(7,8)  which  gives  a  better  description  of  organoleptic  properties  present 
in  the  sample. 

The  optical  density  at  254  ran  is  traced  using  an  automatic  spectro-  a 

photometer  developed  by  the  Lycnnaise  des  Eaux  Laboratory  (9).  I 

3.  RAW  WATER  CHARACTERISTICS 

The  piloc  plant  is  fed  by  groundwater  from  a  well.  The  main 
characteristics  of  the  water  are  reported  in  Table  I.  The  presence  of  low 
concentrations  of  nitrite,  iron,  and  manganese,  as  well  as  the  moderate 
alkalinity,  are  noted.  The  bicarbonate  concentration  is  one  of  the  main 
parameters  that  affect  the  oxidation  efficiency  (10). 

Table  II  gives  the  evolution  of  pollutant  concentrations  in  the 
groundwater  from  January  to  March  1987  : 

-  the  total  concentration  of  benzenic  compounds  is  in  the  range  of         ■ 
1400-2500  vq/l,   with  an  average  value  equal  to  2100  //g/1  ;  jj 

-  the  major  pollutant  (representing  70%  of  the  pollution)  is  o-chloro- 
nitrobenzene  (1000-1300  yg/l  -  average  concentration  :  1500  j/g/1)  ; 

-  some  other  pollutants,  such  as  chlorobenzene  and  nitrophenol,  are 
present  in  the  groundwater  at  variable  concentrations  depending  on  the 
sampling  period. 

During  this  period  TCNs  in  the  fed  water  were  above  20. 

4.  FEASIBILITY  OF  DETOXIFICATION  BY  AN  OyTL^O.,  COMBINATION 
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Ozone  has been  used  for  many  years  in  drinking  water  treatment  to  y 

remove  color,  control  tastes  and  odors,  inactivate  microorganisms,  and  for  Q 

various  other  purposes.  Because  of  its  high  oxidation  potential,  ozone  is 
also  able  to  oxidize  organic  micropollutants  in  water.  But  depending  of  on 
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their  nature,  oxidation  kinetics  can  vary  widely.  Hoigne  and  Bader  (10) 
report  the  reaction  rate  constants  of  ozone  with  different  substituted 
benzenes,  from  which  it  can  be  concluded  that  the  nitro  and  chloro 
substituents  reduce  ozone  reactivity.  Therefore,  the  high  concentrations  of 
chloronitrobenzenic  compounds  contained  in  the  groundwater  seem  to  be  more 
refractory  to  ozone.  To  detoxify  such  a  groundwater,  the  very  reactive  and 
oxidizing  hydroxyl  radical  (OH0)  can  be  used.  This  radical  can  be  produced 
in  particular  by  combining  ozone  with  hydrogen  peroxide  (11)  or  with 
ultraviolet  light  (12).  The  first  combination,  which  is  tested  in  this 
study,  has  been  found  to  be  an  attractive  treatment  for  the  removal  of 
chlorinated  solvents  from  groundwater  (9).  For  a  given  raw  water,  the 
parameters  which  are  responsible  for  the  oxidation  efficiency  are  the  rate 
of  radical  production  and  the  contact  time.  So  the  parameters  which  need  to 
be  optimized  are  the  ozone  and  hydrogen  peroxide  dosages  and  the  contact 
time.  For  plant  design,  two  other  parameters  must  be  taken  into  account  : 
the  maximal  concentration  of  pollutants  and  the  alkalinity  of  the  water. 
The  hydroxy!  radicals  (OH0)  are  scavenged  by  the  bicarbonate  ions, 
therefore  the  oxidation  efficiency  depends  on  the  pollutant 
concentrations/alkalinity  ratio. 

Results 

Two  types  of  tests  are  performed  to  verify  the  efficiency  of  ozone 
alone  and  ozone  combined  with  hydrogen  peroxide. 

Ozonation 

The  results  obtained  by  ozonation  alone  are  summarized  in  Figures  1  and 
2.  The  tests  show  that  for  a  contact  time  of  30  minutes,  the  decrease  of 
the  optical  density  at  254  nm  (which  corresponds  to  the  decrease  of 
aromatic  compounds  concentrations)  is  a  function* of  the  increasing  applied 
ozone  dose.  At  an  ozone  dose  of  16  g/m3 ,  the  removal  of  chloronitrobenzene 
reaches  85%.  with  a  constant  ozone  dose,  the  reduction  of  the  optical 
density  at  254  nm  increases  when  the  contact  time  is  longer,  up  to  30 
minutes.  The  application  of  16  g  0,/m3  with  a  40-min  contact  time  allows  a 
38%  reduction  of  chloronitrobenzene  corresponding  to  a  residual 
concentration  of  150  ,ug  (o-chloronitrobenzene)/l" in  the  ozonated  water. 

Oxidation  by  ozone  alone,  even  for  large  doses  of  ozone  and  long 
contact  times,  does  not  allow  a  sufficient  reduction  of  the  chloronitro- 
benzene concentration,  which  remains  higher  than  the  desired  amount  of 
20-30  fjq/l   in  the  ozonated  water. 

Combination  of  ozone  with  hydrogen  peroxide 

The  Q.j/H.,02  combination  is  performed  in  two  columns  placed  in  series. 
Operating  parameters  are  the  same  in  each  column.  Previous  experiments 
reported  in  Figure  3  show  that  the  best  o-chlcronitrobenzene  removal  is 
obtained  for  a  hydrogen  peroxide/ozone  mass  ratio  of  0.4.  The  application 
of  ozone  and  hydrogen  peroxide  dosages  of  3  g/mJ  and  3  g/mJ ,  respectively, 
during  a  20-minute  contact  time  permitted  a  99%  elimination  of  benzenlc 
compounds  (Figure  4).  An  increase  in  the  contact  time  to  30  minutes  does 
not  improve  removal  efficiency. 

5.  EFFICIENCY  OF  THE  COMPLETE  TREATMENT  LINE 

It  is  well-known  that  during  the  oxidation  process  biodegradable 
compounds  are  formed  which  can  induce  bacterial  regrowth  in  the 
distribution  network.  To  avoid  this,  the  oxidation  process  must  be  followed 
by  a  biological  treatment  such  as  sand  or  GAC  filtration.  The  latter 
technique  has  a  distinct  advantage  in  that  it  removes  micropollutants  bv 
adsorption.  For  the  study  presented,  fixed  beds  GAC  and  sand" columns  with 
15  min  hydraulic  residence  times  are  used.  Ail  of  the  treatment  lines  run 
for  3  months.  Samples  are  collected  weekly  at  different  treatment  steps. 
The  mean  concentrations  of  benzenic  compounds  and  o-chloronitrobenzene  "in 
the  water  after  the  oxidation  step  are  22  and  16  yqfl  respectively, 
corresponding  to  a  99%  reduction.  TCC  removal  obtained'  by  oxidation  Is 
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about  0.3  mg/1  ;  this  corresponds  to  the  mineralisation  of  30%  of  the 

benzenic  compounds  (Table  III).  Identification  of  oxidation  by-products 

(e.g  aldehydes,  carboxylic  acids)  will  follow  at  a  later  stage"  of  the 

study.  After  GAC  filtration,  the  treated  water  has  a  benzenic  'compounds 

concentration  lower  than  the  detection  limit  (1  uq/l) .   From  raw  water  to 

oxidized  water,  the  threshold  odor  number  (TON)  is  reduced  from  20  to  3, 

and  there  is  no  taste  and  odor  in  the  GAC  filtered  water  after  3  months  of 

operating  time.  Therefore,  this  treatment  line  is  very  efficient  and 

results  in  a  high-quality  drinking  water.  If  the  technical  feasibility  of         m 

such  a  treatment  line  can  be  demonstrated,  investments  and  the  operating         H 

costs  of  a  new  plant  can  be  evaluated.  — 
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6.  INVESTMENTS  AND  OPERATING  COSTS 

As  previously  shown  the  oxidation  efficiency  is  dependent  upon  the 
organic  matter  concentration  and  alkalinity.  The  drinking" water  treatment 
plant  uses  different  waters  from  the  wells.  These  waters  have  different  K 
alkalinities  and  pollutant  contents  (120  to  230  mg  CaCO,/l).  Therefore,  it  ,W 
is  a  necessity  to  evaluate  the  increase  of  ozone  ana  hydrogen  peroxide 
dosages  and  resulting  changements  in  costs  for  various  concentrations  of 
benzene  derivatives  and  alkalinity.  In  Table  IV,  both  investment  and 
operating  costs  are  calculated  in  the  case  of  a  30,000  m3/day  plant,  for  a 
removal  of  500  to  5000  Arg/1  of  ortho-  chloronitrobenzene  (o-OJB).  The 
investment  costs  for  oxidation  process  vary  from  9,5  Millions  FF  to  33 
Millions  FF,  with  12  Millions  FF  for  a  5  m/h  GAC  filtration,  total 
investment  cost  is  between  21,5  and  45  Millions  FF.  On  the  other  hand, 
operating  costs  for  the  oxidation  process  and  GAC  filtration  are  varying 
from  0.09  to  0.49  FF.  In  these  cases,  ozone  and  hydrogen  peroxide  dosages 
are  between  3.5  to  32  g/mJ ,  and  1,5  to  13  g/mJ ,  respectively.  Table  V  gives 
an  evaluation  of  the  ozone  dose  as  a  function  of  the  initial  o-OB 
concentration  and  alkalinity.  Results  show  that  two- fold  increases  in 
applied  ozone  dose  are  needed  when  the  alkalinity  varies  from  120  to  230 
mg/1  as  CaCO, . 

7.  CONCLUSION  B 

Taste  and  odor  control  can  be  used  to  detect  pollution  of  water  by  ^ 
industrial  waste.  For  example,  the  use  of  the  flavor  profile  analysis 
combined  with  the  close  loop  stripping  analysis  has  permitted  to  detect* the 
pollution  of  a  groundwater  by  chloro-  and  nitrobenzenic  compounds  in  a 
range  of  10  to  20,000  pq/l.  The  use  of  such  a  groundwater  for  che 
production  of  potable  water  requires  a  detoxification  step.  A  promising  wav 
for  the  removal  of  such  compounds  is  oxidation  using  ozone.  Tests  performed 
using  ozone  alone  showed  that  even  large  ozone  dosages  do  not  allow  to 
reach  a  satisfactory  level  of  removal. 

On  the  other  hand  the  use  of  powerful  oxidant  species  such  as  hydroxy! 
radicals  which  are  formed  by  the  combination  of  both  ozone  and  hvdrogen         ■ 
peroxide  has  permitted  to  obtain  a  water  containing  a  concentration  in         I 
benzene  derivatives  lower  than  20  vq/\.   This  concentration  corresponds  to 
the   odor   threshold   concentration   of   the   main   pollutant,   the 
o-chloronitrobenzene.  Furthermore  this  treatment  reduces  drastically  the 
TON  measured  on  oxidized  water.  The  feasibility  of  such  a  treatment  is 
demonstrated  using  ozone  and  hydrogen  peroxide  dosages  of  8g/mJ  and  3  :/tnJ , 
respectively,  with  a  20-minute  contact  time.  An  evaluation  of  the  costs  of         ■ 
such  an  effective  treatment  for  the  specific  case  studied  showed,  that         I 
investment  and  operational  costs  were  of  the  same  order  than  construction 
of  new  wells  at  another  location  and  transportation  of  the  water. 

This  oxidation  step  can  be  economically  used  to  reach  a  satisfactory 
oxidation  at  reduced  ozone  dosages  followed  by  an  artificial  groundwater 
recharge  which  can  lead  to  a  biological  removal  of  pollutants  and  their 
by-products.  .Moreover,  the  oxidant  dosages  can  be  adjusted  as  a  function  of 
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the  degree  of  pollution.  Monitored  for  example  by  a  UV  spectrophotometer, 
this  can  lead  to  very  flexible  operating  costs.  In  the  case  of  a  large 
decrease  of  the  pollution  to  be  treated,  hydrogen  peroxide  injection  can  be 
suppressed,  resulting  in  a  classical  treatment  and  a  minimization  of 
operating  costs. 
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TABLE  I.  Main  Characteristics  of  Ground  Water 


|   Resistivity  (2/cm) 

1695 

pH 

6.7 

KMnQ.  oxidability  (mg/1)  as 
oxygen 

1.05 

TOC  (mg/1) 

1.9 

Alkalinity  (mg/1  as  CaCO,) 

225 

Chloride  (mg/1) 

88 

Sulfate  (mg/1) 

58 

Nitrate  (mg/1  as  NO,) 

23 

Nitrite  (mg/  as  NO-) 

0.30 

iron  (fjq/l) 

50 

Manganese  (/jg/1) 

30 

Magnesium  ( mg/1 ) 

28 

|  Calcium  (mg/1) 

71 
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TABLE  II.  Evolution  of  Benzene  Derivatives  Concentration  (ug/1)  in  Groundwater  -  (January-March  1987) 


i 


COMPOUNDS 

1/0 

1/22 

1/27 

2/3 

2/4 

2/20 

3/3 

3/11 

3/17 

3/24 

3/31 

Chlorobenzene 

165 

235 

150 

640 

540 

34 

67 

85 

85 

66 

145 

o-Dichlorobenzene 

<  1 

- 

- 

- 

- 

2 

2 

2 

1 

1 

4 

Benzenic  compound 

13 

5 

25 

21 

21 

24 

18 

26 

24 

27 

31 

Nitrobenzene 

/ 

9 

7 

5 

- 

10 

5 

/ 

7 

3 

12 

Nitrophenol 

280 

300 

17 

- 

- 

- 

96 

- 

98 

- 

187 

o-Chloraniline 

<  1 

- 

- 

11 

23 

18 

4 

4 

7 

4 

2 

o-Nitrotoluene 

145 

152 

136 

120 

132 

120 

90 

165 

135 

125 

134 

m-Ni irotoluene 

14 

15 

15 

12 

13 

14 

9 

17 

17 

16 

19 

p-NiLiotoluene 

20 

1  1 

12 

B 

- 

3 

B 

7 

10 

- 

14 

m-Cliloronitrobenzene 

111 

100 

103 

72 

73 

81 

80 

106 

150 

179 

113 

p-Chloronilrobenzene 

123 

5 

- 

- 

- 

42 

- 

- 

- 

39 

o-Chloronitrobenzene 

1610 

isao 

1560 

1300 

1460 

16  yo 

970 

1828 

1490 

1320 

1402 

Dichloroaniline 

- 

- 

- 

- 

- 

0 

- 

- 

- 

- 

| 

Methoxynitrobenzene 

7 

/ 

0 

5 

5 

6 

3 

- 

5 

5 

8 

Dicliloroaniline 

b 

6 

- 

6 

5 

12 

I 

- 

4 

2 

3 

Trichloroaniline 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

5 

Dinitrotoluene 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 

■rOTAL 

2501 

2420 

2036 

2200 

2272 

2023 

1397 

2247 

2035 

1750 

2121 

TABLE  III.  Evolution  of  TOC,  Benzenic  Compounds, 
o-chloronitrobenzene  and  Threshold  Odor  Number 
at  Different  Treatment  Steps 


RUNNING  TIME  (Days) 


11 


19 


25 


32 


39 


j  RAW  WATER 

I  TOC  (mg/1) 

Benzenic  compounds  (jjq/1) 

|  o-chloronitrobenzene  " 

|  TON  >  20 

I 

OXIDIZED  WATER 

I  TOC  (mg/1) 

|  Benzenic  compounds  (,ug/l) 

I  o-Chloronitrobenzene  " 

[  TON  -  3  to  5 

I  SAND-FILTERED  WATER 

1  TOC   (mg/1) 

I  Benzenic  compounds  (//g/1) 

I  o-Chloronitrobenzene 

i  TON  =  2  to  3 


GAC-cILTERED 
(mg/1) 


WATER 


|  TOC 

|  Benzenic  compounds  (/yg/1) 

|  o-Chloronitrobenzene  " 

I  TON  -  1 


1.9 

- 

1.9 

1.95 

1.75 

1.9 

— 

2023 

- 

1397 

2249 

2031 

1750 

2121 

1690 

970 

1830 

1490 

1320 

1402 

1.7 

1. 

5 

1.75 

1.6 

1.3 

1.45 

52 

6 

16 

21 

18 

19 

23 

41 

4 

13 

14 

14 

14 

14 

1.4 

1. 

55 

1.45 

1.55 

1.15 

1 

17 

6 

11 

35 

17 

11 

14 

15 

3 

8 

28 

11 

8 

9 

0. 

9 

0.40 

0.40 

0.35 

0.45 

- 

< 

1 

<  1 

<  1 

<  1 

<  1 

<  1 

< 

i 

<  1 

<  1 

<  1 

<  1 

<  1 
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TABLE  TV.  Evaluation  of  the  Investment  and  the  Operating  Costs 
as  a  Function  of  the  Initial  o-Chloronitrobenzene  Concentration 


j  Or 

thochioromtrcbenzene 

to  be  removed 

500 

1000 

1500 

3000 

5000 

(^g/l) 

INVESTMENTS  (30000  m J/i  ) 

i  1) 

Oxidation 

Ozone    g/m3 

3.5 

7 

10 

20 

32 

HjO,     g/m: 

1.5 

3 

4 

3 

13 

Contact  time  min 

20 

20 

20 

20 

20 

Cost  iO6  FF 

9.5 

12 

15 

23.5 

33 

I  2) 

GAC  Filtration  (5m/h) 

Cost  106  FF 

12 

12 

12 

12 

12 

TOTAL  106  FF 

21.5 

24 

27 

35.5 

45 

OPERATING  COSTS 

Ozone        FF/mJ 

0.035 

0.07 

0.10 

0.20 

0.32 

H2°2 

0.017 

0.035 

0.04 

0.09 

0.14 

GAC  2  years 

0.035 

0.035 

0.03 

0.03 

0.03 

TOTAL          " 

0.09 

0.14 

0.17 

0.32 

0.49 
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TABLE  V.  Evaluation  of  the  Ozone  Doses  as  a  Function 
of  the  initial  o-Chloronitrobenzene  Concentration  and  Alkalinity 


| ALKALINITY  rag  CaCO,/l 


OCNB  fjcj/l 


120 
150 
250 


500 


1000       1500       3000       5000 


2.7 

5.5 

a 

16 

21 

3.5 

7 

10 

2C 

32 

5.5 

10 

15 

29 

43 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:   FR-02 


Prefect   Ii;ie: 

Improvements  of  the  disinfection  by  ozone  : 

Influence  of  oxidant  species 

Contact  (na-ecf  person,  orcaniietion,  accrsss,  teiepnone): 

J. P.  Duguet,  J.  Mallevialle 

Centre  de  Recherche  de  la  Lyonnaise  des  Eaux 

38,  rue  du  President  Wilson 

78230  Le  Pecq  (France) 

(1)  39  76  64  10 


I 
I 


Project  Description  (Please  attacn  a  scnerr.atic  diagram  it  appropriate): 

Oxidants  such  as  ozone  and  chlorine  are  largely  used  as 
disinfectants  and  have  been  the  subject  of  many  laboratory  studies.  The 
oxidation  potential  of  ozone  is  more  significant  than  that  of  chlorine  in 
that  its  effect  as  a  germicide  is  much  stronger.  During  the  last  ten  years, 
research  on  ozone  chemistry  has  shown  that  ozone  affected  by  0H~  _ions, 
ultraviolet  radiation,  or  hydrogen  peroxide  transforms  into  different  radical 
species.  The  most  important  of  these,  the  hydroxyl  radical  (OH  ),  is  much 
more  oxidizing  and  reactive  than  molecular  ozone.  However,  the  disinfecting 
potential  of  these  radicals  for  the  treatment  cf  water  remain  poorly 
understood. 

The  object  of  this  study  was  to  compare  the  relative  efficiencies 
of  molecular  and  radical  ozone  and  of  chlorine  (as  a  reference)  with  regard 
to  the  inactivation  of  several  types  of  microorganisms  present  in  two 
different  types  of  water. 

In  laboratory  the  microorganisms  studied  were  poliomyelitis  virus, 
the  bacteria  Bacillus  cereus  and  Pseudomonas  fluoreseens  and  Scenedesinus 
algae.  In  addition,  some  tests  were  conducted  on  the  bacteria  Legionella 
pneumophila  to  define  the  inactivation  conditions. 

A  series  of  runs  was  conducted  on  a  pilot  plant. 

A  factorial  fractionnary  plan  of  two  levels  was  established.  The 
parameters  studied  and  their  low  and  high  levels  were  :  ozone  concentration 
in  the  gas  phase,  2  and  5  ppra  ;  pH  ,  6  and  8  ;  contact  time,  3  and  6  min  ; 
and  gas-liquid  ratio  10  and  20%. 

Results  showed  that  inactivation,  depending  on  a  given 
microorganism,  at  the  gas  liquid  interface,  can  be  related  directly  and 
principally  to  ozone  concentration,  to  molecular  ozone  and  radicals,  such 
as  OH0  or  others  generated  by  pH  variation,  and  not  so  much  to  the 
gas-liquid  ratio  and  contact  time.  Moreover,  complementary  results  brought 
on  by  inactivation  kinetics  will  allow  us  to  optimize  and  build 
mathematical  models.  These  simulation  models  will  permit  to  introduce  data 
corresponding  to  waters  to  be  treated  and  to  predict  disinfection 
efficiency  in  a  given  reactor. 
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C p ^ r -_ : -. - c  sr.c  c:st  cats  (inducing  cata  cn  efficiency,  results,  etc 


Operating  and  cost  data  not  available  yet. 


Placs(s)   cf  install  ttion/eppl  i  cat  ion  (inducing  dates) 


LABORATORY  PILOT,  CENTRE  DE  RECHERCHE  LYONNAISE  DES  EAUX 


1987  -  1988 


uu.:.'   ■...;. 


(e.g.,  funding  source,  cooperating  agencies,  etc.): 


e/eiie:ie  -ttacn  rescriptive  publications,  tecr.mci 


I  I  w£;C  tJi  - 


)!>«' 


afiu*  acturers     sptc'trcatlons,   patent  cescr:  pfcr.s ,   etc 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  i:       FR-Q3 


Project   Fitie: 

New  medium  frequency  ozone  generators  supplied  by  oxygen 


Con: 

,cC" 

(name 

or 

person,   or 

■gam  icti  on ,   aoaress,   te 

epnone)  : 

J  .M. 

ROVEL    (Degremont) 

183, 

avenue  du  18  juin 

1940 

• 

92508   Rueil    Malmaison 

Cedex 

Tel. 

:    42   04   90  00 

Project  Description   (Please  atiacn  a   schematic  diagram   it   appropnatej: 

Ozone  generators. 

To  improve  both  yield  per   dielectric  tube  (more  compact  ozone  reactor) 
and  the  specific  energy,  Degreroont/Air  Liquide  has  introduced  a  new 
generator  fed  with  pure  oxygen  but  using  a  selective  adsorbing  system 
able  to  screen  between  0   and  0  ,  thus  giving  the  possibility  to  recycle 
the  unused  0  to  the  inlet  of  the  generator  (see  scheme  1). 

Advantage  are  clear  from  table  I  which  gives  the  main  performance  obtained 
with  our  medium  frequency  ozonator. 
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OpTFTETng  arc  cost  cata  (  inci  ufl'.ng  cata  en  efficiency,  results,  etc.) 


See  table  I 


Plcce(s)   of  fnstal 1 ation/appl i cation  (incluaing  aatesj 

MYRTLE-BEACH    (USA) 
HENRI CO-COUNTY  (USA) 


Patent   stc'js ,   i  f 

cDpi *CsOi e: 

No 

manufacturers'    specifications,   patent  descriptions,   etc. 
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TABLE  I 


600  Hz 
Air 

600  Hz 
Oxygen 

1 
600  H2 

0_+02  recycling  j 
system 

j  U.S.A.  reference 

MYRTLE-BEACH 
(3x280  tub.) 

HENRI  CO- 
COUNTY 
(5x202  tub.) 

i 

i  Specific  power 

3260 

3080 

3080 

(W.  m"2) 

j  Concentration  (gO^.Nm-  ) 

18 

70 

70 

|  Specific  yield 

200 

420 

420 

(g03.h-1  m"2) 

|  Total  energy 
consumption  (1) 

23 

20 

12 

(Wh  (g03)_1 

|  Smallest  unit 

|  built  :  tub.  number 

55 

55 

55 

Production  (g.h-  ) 

2750 

5745 

5745 

j  Largest  unit 
tub.  number 

1138 

1138 

1138 

|  Production  (g.h~  ) 

56900 

I 

119490 

119490 

(1)  Including  gas  line  (air  or  0-  generation)  -  Excess  0,  destruction. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  J:      FR-Q4 

PROJECT  DESCRIPTION 


Project  Title: 

Combined    Ozonation    and    Flotation,    Application    to    the   Treatment    of 
Highly  Algae-loaded  Water 


Contact  (name  of  person,  organization,  address,  telephone) 

M.M.  Bourbigot.  Anjou  Recherche.  Centre  de  Recherche  de  la 
Compagnie  Generate  des  Eaux 
Chemin  de  la  Digue,  B.P.  76 
78600  Maisons  Laffitte,  France 
1  -  39  62  34  56 


Project  Description   (Please  attach  a  scnematic "diagram  if  appropriate) 


The  ozone  diffusion  technique  consist  in  generating  very  fine  bubbles  by  sweeping 
porous  diffusion  plates  with  a  transversal  water  stream. 

The  contacter  is  divided  into  two  compartments  :  the  first  is  an  ozonation  compartment 
and  contains  the  porous  plates  that  are  swept  by  a  current  of  raw  water  that  accounts  for 
1 0%  of  the  total  influent  flowrate.  The  downward  water  currents  select  and  transport  the 
finest  bubbles  through  an  inlet  located  in  the  bottom  section  of  the  commun  wall,  between 
the  ozonation  and  flotation  chamber.  In  the  second  compartment,  floes  that  are  caused  rise 
to  the  surface  of  the  liquid,  by  bubbles  adsorbed  to  their  surface,  are  accumulated  and 
concentrated  in  the  upper  quiescent  zone  and  can  be  withdrawn  as  desired.  This  quiescent 
zone  must  be  non-agitated  and  non-turbulent. 
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Operating  and  cost  data  (including  data  on  efficiency,  results ,  etc.) : 

The  particles  that  are  removed  by  flotation  are  the  most  easily  floated  particles  such  as 
algae. 

With  this  process,  the  clogging  potential  of  raw  water  is  reduced  by  50  to  75%.  Algae  are 
removed  by  40  to  95%  depending  of  species.  The  removal  of  organic  matters,  color  and 
turbidity  are  improved. 

Filtration  cycle  duration  is  increased  by  20  to  40%. 


I 


Place(s)    of  installation/application   (including  aates): 

The  pilot  studies  have  been  conducted  as  part  of  development  of  a  new  potable  water  plant 
of  150.000  m3/day  and  the  process  has  been  developed  on  a  1 10  m3/h  plant 


Patent  staus,   if  applicaoie: 
Ask  for  patent  in  the  USA  N°061827  of  06710/87  (base  France  N°8608780  of  06/1 8/86) 


Other   information  (e.g.,   funding  source,  cooperating  agencies,   etc.) 


Financial  aid  was  granted  by  A.N.V.A.R.  (Agence  Nationale  pour  la  Valorisation)  for  the 
process  development 


If  available  attach  descriptive  puol ications,  technical    literature, 
manufacturers'    specifications,  patent  descriptions,  etc. 
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COMBINED  OZONATION  AND  FLOTATION 

APPLICATION  TO  THE  TREATMENT  OF  HIGHLY  ALGAE-LOADED  WATER 

MM.  Bourfaigot*,  M.  Faivre**,  H.  Paillard* 

*Anjou  Recherche 

Centre  de  Recherche  de  la  Compagnie  Generate  des  Eaux 

Cherrin  de  la  Digue  BP  76 

78600  Maisons  Laffirte,  France 

**OTV 
Le  Doublon 
11,  avenue  Dubonnet 
92407  Courbevoie  Cedex,  France 


ABSTRACT 

The  ozone  diffusion  technique,  which  consists  in  generating  very  fine  bubbles  by  sweeping 
porous  diffusion  plates  with  a  transversal  water  stream,  would  appear  to  be  a  promising  step 
forward  in  improving  ozone  diffusion.  It  was  also  observed  that  the  small  size  of  the  bubbles 
facilitated  the  flotation  of  clogging  matter  associated  with  algae.  For  the  direct  application  of  this 
process  an  enhanced  flotation  system  was  designed  which  combines  the  two  processes. 

RESUME 

La  technique  de  diffusion  de  1'ozone,  qui  consiste  a  generer  des  fines  bulles  par  balayage  des 
surfaces  poreuses  au  moyen  d'un  courant  d'eau  transversal,  consdtue  une  etape  prometteuse  vers 
1'ameiioranon  des  processus  de  diffusion  de  1'ozone.  D'autre  part,  il  a  6te  observe  que  la  petite 
taille  des  bulles  favorisait  la  flottation  des  matieres  colmatantes  Iiees  aux  algues.  Un  systeme 
original  qui  combine  1'ozonation  et  la  flottation  a  done  etc"  concu  pour  traiter  des  eaux  chargees  en 
algues. 


*e  - 


ZUSAMMENFASSUNG 

Ein  vielversprechendes  neues  Verfahren  zur  Steigerung  des  Ozoneintrags  besteht  daraus,  daB 
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sehr  fcine  Ozonblasen  durch  das  transversale  Ansrromen  eines  porosen  Diffusors  crzeugt 
werden.  Es  wurde  festgestellt,  daB  die  kleinen  Blasen  die  Fiottation  von  algenbiirtigen 
Substanzen,  welche  Filterverstopfung  hervorrufen,  begiinstigen.  Zur  direkren  Anwendung  dieses 
Verfahrens  wurde  eine  Kombination  von  Ozoniemng  und  Flotation  zusammenaestellL 


Introduction 

4 

Ozone  is  used  as  a  pretreatment  to  coagulation/flocculation  in  numerous  drinking  water 
treatment  plants  to  improve  both  turbidity  and  dissolved  organic  carbon  removal.  Preozonation  is 
also  viewed  as  a  means  of  reducing  the  formation  of  chlorination  by-products.  The  observed 
coagulating  effects  of  ozone  were  first  employed  on  colored  waters  in  the  form  of  the 
nusceltisation-demiscellisafion  process.  In  the  past  decade  the  flocculating  effects  of  ozone  have 
been  harnessed  in  direct  filtration  plants  and  conventional  flocculation/sedimentation  /filtration 
plants.  (Bablon  G.  et  aL,  1986  ;  Pascal  0.  et  al.,  1984  ;  Gerval  R.  et  al.,  1985  ;  Chedal  J.,  1985; 
Mathonnet  S.  et  al.,  1985). 

Reckhow  (1985)  gives  a  compilation  of  hypothetical  mechanisms  for  the  coagulating  effects 
of  ozone.  At  several  plants,  the  coagulation  effects  of  ozone  have  been  noted  to  correspond  quite 
closely  to  the  presence  of  phytoplankton  in  the  raw  water.  This  may  suggest  the  release  or 
formation  of  polymeric  flocculant.  As  for  the  polysaccharides,  the  flocculating  effects  of  one 
particularly  prominent  group  of  algal  exudates,  the  alginates  are  well  known.  The  liberation  of 
these  surface  active  polymers  could  explain  this  foam  occasionally  formed  between  the  months  of 
March  and  October  on  the  surface  of  the  pre-ozone  contact  chambers  and  flocculators  of  certain 
drinking  water  production  plants.  This  phenomenon  is  a  nuisance  if  the  facilities  in  question  have 
not  been  designed  for  removing  matter  by  scraping.  The  formation  of  floating  matter  highlighted 
two  phenomena  :  the  presence  of  tiny  bubbles  which  carry  the  floe  to  the  surface  and  a  chemical 
reaction  between  ozone  and  algal  cells  (Betzer  N.  et  al.,  1979).  It  was  therefore  observed  that  the 
small  size  of  the  bubbles  facilated  the  flotation  of  clogging  matter  associated  with  algae. 

A  process  has  been  developed  for  promoting  bubble  formation  to  produce  ozonation  and 
flotation  in  the  same  tank.  Rotation  is  a  pretreatment  well  known  in  water  treatment  for  removing 
floatable  substances,  algae  or  light  suspended  solids. 
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Ozone  diffusion  technique  using  fine  bubbles 

It  turns  out  that  the  average  size  of  bubbles  produced  by  forcing  ozonated  air  through  porous 
plates  can  be  greatly  reduced  when  the  plates  are  simultaneously  swept  by  a  transversal  water 
stream  (Adler  P.M.  et  al,  1985  ;  Baetz  J.  et  al.,  1986  ;  Guillerd  J.R.,  1968).  This  particular 
injection  device  is  obviously  very  attractive  ;  it  is  very  simple  and  thus  expected  to  work  well  in 
an  industrial  environment ;  it  is  also  very  economical  since  only  a  small  percentage  of  the  water 
need  to  be  pressurized  to  a  relatively  low  pressure  when  compared  to  the  other  systems  :  a 
classical  method  that  we  have  previously  tested,  consists  in  the  saturation  of  pressurized  water 
with  ozonated  air  ;  when  pressure  is  decreased  bubbles  with  a  diameter  ranged  from  40  to  100 
jam  are  obtained  ;  high  pressures  may  also  be  obtained  by  very  high  bubble  columns.  The 
procedures  are  highly  effective  but  hardly  feasible  because  of  the  losses  in  ozone  and  energy. 

The  sweeping  of  a  porous  plate  by  a  water  stream  is  also  very  beneficial  in  other  respects. 
The  generated  bubbles  are  quickly  dispersed  in  the  bulk  of  the  water  column  ;  the  turbulence 
caused  by  the  water  stream  is  likely  to  enhance  mass  transfer  between  the  two  phases.  Moreover, 
the  porous  plate  is  continuously  cleaned  by  the  jet  and  potential  plugging  of  the  plate  is  avoided. 

The  first  result  of  the  substantial  reduction  in  size  of  bubbles  is  obviously  that  the  interfacial 
area  between  the  two  phases,  water-gaz,  would  be  considerably  increased  and  the  residence  time 
of  the  bubbles  inside  the  column  would  be  much  longer.  So  the  injection  device  clearly  have  two 
major  effects  ;  mass  transfer  is  enhanced  and  ozone  losses  in  the  exhaust  vents  are  reduced  (Adler 
P.M.  et  al.,  1985  ;  Baetz  J.  et  al.,  1986). 

Ozone- flotation 

The  contacter  is  divided  into  two  compartments :  the  first  is  an  ozonation  compartment  and 
contains  the  porous  plates  that  are  swept  by  a  current  of  raw  water  that  accounts  for  10%  of  the 
total  influent  flowrate.  The  downward  water  currents  that  consist  of  the  rest  of  the  water  to  be 
treated,  select  and  transport  the  finest  bubbles  through  an  inlet  located  in  the  bottom  section  of  the 
commun  wall  between  the  ozonation  and  flotation  chamber.  The  inlet  is  situated  below  the  level 
of  the  gaz  diffusers. 

Figure  1  is  a  schematic  representation  of  the  ozonation-flotation  structure.  A  patent  request  for 
this  process  was  filed  June  18,  1986  in  France. 
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A  Downflow  operation  chamber 

B  Flotation 

C  Porous  diffusion  plates 

D  Sweeping  current  (water  injected  through  nozzle) 

E  Scum  removal  channel 

F  Raw  water  inlet 

G  Treated  water  outlet 


Fig.l  :  Process  Development 

In  order  to  determine  the  optimum  operating  conditions  for  this  structure  we  performed  a 
number  of  tests  on  the  pilot  unit  shown  in  Figure  2. 
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Q3    WATER  SWEEPING  FLOW 


04      EXHAUSTED  GAS 


L  =  0,70m 


-> 


Fig.  2  :  Pilot  Plow  Diagram 


NOZZLE 

0  :23     cm 

S      =   0,0415   M2 


Q2     GAS  :  NL/H 


The  parameters  we  tested  were  the  velocity  V\  of  the  downflowing  current  in  the  first 

ozonation  area,  the  position  of  the  porous  plate  with  regard  to  the  opening  between  the  ozonation 
compartment  1  and  the  flotation  chamber  2,  the  velocity  V3  of  passage  from  chamber  1  to 
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chamber  2  and  the  influence  of  the  sweeping  rate.  The  amount  of  gas  dragged  from  chamber  1  to 
chamber  2  is  calculated  by  the  difference  between  the  gas  flow  injected  i.e.  Q2  and  the  gases 
recovered  in  the  vents  from  chamber  1  i.e.  Q4. 

Size  of  the  selected  bubbles 

We  studied  the  influence  of  the  position  of  the  porous  plates  and  the  downflow  velocity  of  the 
water  on  the  size  of  the  gas  bubbles  dragged  into  chamber  2.  Bubble  size  was  estimated  by 
measuring  the  upflowing  current  or  by  photography. 

The  following  results  were  obtained  (Table  1). 


Vl 

va 

Bubble  size 

Bubble  size  according 

m.h-1 

crn.s-* 

vs.  Va 

(diameter) 

to  photography 

80 

2,3  a  6,5 

225  a  500  |im 

214  a  550  ym 

80 

* 

- 

333  a  500  \im 

80 

3,9  a  4,7 

375  a  400  \im 

214 1500  Jim 

80 

1,8 

200  |im 

- 

60 

1,9  a  4,7 

225  a  400  ym 

250  a  500  pun 

60 

- 

- 

416  a  538  pun 

60 

2,6 

250  jim 

250  a  583  \xm 

40 

1,9  a  2,4 

225  a  150  |im 

- 

Table  1  :  Size  of  bubbles  selected  by  downflowing  water  velocity  and  dragged  in  second  flotation 
chamber. 

Va  =  Upflowing  velocity  of  the  bubbles  in  the  first  compartment. 
Vl  =  Downflow  current  of  the  water  in  the  first  compartment. 

The  upwards  velocity  of  bubbles  according  to  their  size  is  given  by  Wallis's  formula  (1969). 
The  result  of  it  figures  in  the  following  table  : 
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Rb  cm 


va  m/h 


r  rm      ■■■■!■  mui 

0.01 

67.37 

0.02 

163.61 

0.03 

274.92 

0.04 

397.30 

0.05 

528.65 

0.06 

667.60 

va  =  24  46L60.Rb1>28m/h 

Rb  =  Radius  of  the  bubble  in  cm. 


During  these  tests,  the  position  of  the  porous  diffusion  plates  in  relation  to  the  cross-section 

of  the  passage  between  the  two  chambers  varied  between  100  and  50  cm. 

The  size  of  the  bubbles  dragged  into  the  second  chamber  vary  between  200  and  500  Jim. 
Influence  of  down/low  velocity  in  ozonation  chamber 
Figures  3  and  4  illustrate  this  influence. 
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Fig.  3  &.  Fig.  4  :  Percentage  of  gas  dragged  into  chamber  2  vs.  the  amount  injected. 

With  a  fixed  gas  flow  rate,  a  certain  porous  plate  position  and  a  given  cross-section  for  the 
opening  between  the  two  chambers,  the  percentage  of  dragged  gas  is  proportionate  to  the 
downflow  velocity. 

With  a  fixed  downflow  velocity,  the  percentage  of  dragged  air  decreases  according  to  the  gas 
flow.  For  example,  given  a  set  downflow  velocity  of  80  m.h~l  we  obtain  :  10%  of  dragged  gas 
for  100  Nl.h"1  of  gas  injected  and  4%  of  dragged  gas  for  250  Nl.h"1  of  gas  injected.  This  would 
seem  to  mean  that  the  entrainrnent  of  fine  bubbles  by  the  water  current  is  practically  independent 
of  the  gas  injection  rate. 

Influence  of  porous  plate  sweeping  flow  rate 

The  rate  of  gas  dragged  in  the  second  chamber  is  also  strongly  affected  by  the  sweeping  water 
flow-rate  applied  and  the  jet  pressure. 

If  we  vary  the  pressure  between  0.7  b  and  2.5  b  and  the  sweeping  flow  rate  between  5%  and 
10%  of  the  total  constant  water  flow,  the  amount  of  dragged  gas  can  be  multiplied  by  2.5  (Figure 
5). 
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Fig.  5  :  Amount  of  dragged  gas  in  fonction  of  waterstream  flow. 

The  larger  bubbles  are  not  selected  by  the  water  current  because  their  velocity  is  too  high. 
They  rise  into  the  upstream  pan  of  the  ozonation  compartment.  As  bubbles  rise,  the  ozone  is 
transferred  to  the  water.  It  is  important  to  separate  the  ozonation  and  flotauon  chambers  because 
of  the  turbulence  that  would  result  from  the  large  bubble  size,  which  could  disturb  the  formation 
of  the  floated  sludge. 

Flotaiion  zone 

In  the  second  compartment,  floes  that  are  caused  to  rise  to  the  surface  of  the  liquid  by  bubbles 
adsorbed  to  their  surface  are  accumulated  and  concentrated  in  the  upper  quiescent  zone,  and  can 
be  withdrawn  therefrom  as  desired.  This  quiescent  zone  must  be  non-agitated  and  non-turbulent 

The  particles  that  are  removed  by  flotauon  are  the  most  easily  floated  particles  such  as  aigae  ; 
the  denser  particles  stay  suspended  in  the  water  that  is  transferred  to  the  filters.  The  water  outlet 
is  located  in  the  bottom  of  the  chamber.  The  velocity  of  water  in  this  compartment  must  be 
maintained  at  around  20  m.h'l  in  order  to  avoid  carrying  the  bubbles  along. 

Conclusion 


The  reactor  can  be  designed  to  be  installed  upstream  of  a  direct  filtration  step  and  downstream 
of  a  rapid  blending  stage  where  a  coagulant  is  injected. 
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With  this  process,  the  clogging  potential  of  raw  water  is  reduced  by  50  to  75%.  With  water 
that  is  slightly  turbid,  colored  and  high  in  algae  content,  by  injecting  the  coagulant  up-line  from 
the  ozonation-flotadon  tank,  a  top  quality  filtered  water  (turbidity  of  0. 1  NTU)  can  be  obtained 
using  ozone  dose  of  between  0.4  to  0.8  g/nA  Filtration  cycle  duration  is  increased  by  20  to  40% 
and  a  slight  saving  on  the  amount  of  flocculant  used  was  also  noted.  These  pilot  studies  have 
been  conducted  as  pan  of  the  development  of  a  new  potable  water  plant  of  150  000  nP/day  and 
the  process  is  now  developed  on  a  110  nP/h  plant. 

References 

Adler  P.M.,  Bourbigot  MJvLand  Faivre  M,  1985.  Ozone  transfert  enhancement  in  bubble 

columns  by  a  new  injection  device  in  :  Proceedings  of  the  International  Conference.  "The 

role  of  ozone  in  water  and  wastewater  treatment",  London,  Nov.  13-14,  1985.  R.  Perry 

and  A.E.  Mc  Intyre  Eds.,  London,  Selper  :  18-32. 
Bablon  G.,  Hotelier  J.  and  Damez  F.,  1986.  Conception  of  a  mathematical  model  to  control 

the  influence  of  preozonation  during  the  coagulation  process  in  :  IWSA  specialized 

conference  on  "Advanced  Techniques  in  potable  water  treatment",  Amsterdam,  Sept.  15- 

19, 1986.  To  be  published  in  Water  Supply,  12  pp. 
Baetz  J.,  Bourbigot  M.M.,  Pascal  O.,  Faivre  M.  and  Guegan  R.,  1986.  An  ozone  diffusion 

technique  using  fine  bubbles :  examples  of  its  application  in  treatment  processes. 

Presented  at  the  Spring  Conference  of  the  International  Ozone  Association  Pan 

American  Committtee  "Design  and  Operation  of  Ozone  systems  for  drinking  water 

plants",  Perrysburg,  April  28-29,  1986.  18  pp. 
Betzer  N.,  Argaman  Y.  and  Kott  Y.,  1979.  Effluent  treatment  and  algae  recovery  by  ozone 

induced  flotation.  Water  Research,  14  :  1003-1009. 
Chedal  J.,  1985.  Raw  water  preozonation  in  Handbook  of  Ozone  Technology  and  Applications. 

"Ozone  for  drinking  water  treatment".  Rip  G.  Rice  and  A.  Netzer  Eds.,  Boston- 

Butterworth,  11  :  177-214. 
Gerval  R-,  Reckhow  D.,  Bablon  G.  and  Damez  F.,  1985.  Combined  preozonation-coagulation 

at  the  Choisy-le-Roi  drinking  water  treatment  plant  presented  at  7th  Ozone  World 

Congress,  Sept.  9-12,  1985.  Tokyo. 
Guillerd  J  JR..,  1968.  L'dvoiution  dans  le  traitement  des  eaux  par  1'ozone  au  cours  des  quinze 

dernieres  ann£es.  Techniques  et  Sciences  Mumcipales,  Oct.  1968,  10  :  279-312. 
Mathormet  S.,  Casellas  C,  Bablon  G.  and  Bontoux  J.,  1985.  Impact  of  preozonauon  on  the 

granulometric  distribution  of  materials  in  suspension.  Ozone  Science  and  Engineering,  7  : 

107-120. 
Pascal  O.,  Bablon  G.,  Ducauze  C.  and  Feinberg  M.,  1984.  Chemomecic  control  for  a  couple 

FR-34 


preozonation/coagulation  process.  The  example  of  Choisy-le-Roi  (France)  waterworks 
(800,000  m^/d)  presented  at  IOA  Workshop  :  "Ozone  in  potable  water  treatment 
Installations  operating  and  experimental  advances".  Sept.  1984,  Montreal. 

Reckhow  D.,  1985.  Effects  of  preozonation  on  subsequent  physico-chemical  treatment  process 
presented  at  the  SVW  Water  Symposium,  June  11-12,  1985.  Brussels. 

Wallis  G.B.,  1969.  One -dimensioned  two  phase  flow.  Mac  Graw  Hill. 


FR-35 


EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  *: 


FR-05 


|     Project    Title: 

Aerated  Nitrifying  Filters  :   Extending  the  Limits  of  Biological   Ammonia 
Removal 


Contact 

(name  of  person,  organization, 

address , 

tei 

ephone) : 

Frank  Rogalla.  Compagnie  Generale  des  Eaux  Research  Center 
Chemin  de  la  Digue 
F  78600  Maisons  Laffitte 

1-39  62  34  56 

Project  Description   (Please  attach  a  scnematic  diagram  if  appropriate) 


Biological  nitrification  can  limit  chlorine  demand  and  eliminate  taste  problems. 

Cold  water  temperatures  and  high  nitrogen  concentrations  can  become  limiting.  The 
biological  nitrification  at  low  temperatures  and  varying  ammonia  content  (up  to  4  mg/i  N- 
NH4)  are  evaluated  on  pilot  filters. 

Different  media  heights  and  filtration  velocities  are  tried  to  find  the  optimum  hydraulic 
conditions.  The  concentrations  of  ammonia  are  varied  to  relate  removal  efficiency  with 
detention  time  and  volumetric  loading.  The  response  of  biological  filters  to  seasonally 
changing  raw  water  characteristics  was  verified. 
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Operating  and  cost  data   (including  data  on  efficiency,   results,   ere.")": 

The  seeding  process  with  groundwater  at  12°C  took  4  weeks  for  Nitrosomonas 
installation.  The  reactors  were  then  able  to  eliminate  1  mg/1  of  ammonia  at  a  filtration 
velocity  of  10  m/h. 

When  returning  to  the  original  water  concentration  of  0.2  mg/1  N-NH4,  the  filter  height 
was  reduced  and  velocities  increased  to  maintain  the  same  volumetric  load  as  applied  kg 
N-NH4  per  nP  media  volume  and  day.  Complete  nitrification  could  be  obtained  at  void 
volume  residence  time  of  less  than  3  minutes. 

If  sufficient  oxygen  is  provided  by  air  injection,  eliminated  nitrogen  loads  can  be 
multiplied  as  compared  to  spray  oxygen  dissolution.  This  was  confirmed  in  a  simulation 
of  a  rapid  surge  in  nitrogen  concentration  as  occuring  with  increased  runoff  at  heavy 
rainfall.  Nitrogen  elimination  is  then  limited  by  initial  seeding  capacity  but  not  by  filtration 
velocity  or  dissolved  oxygen  content.  Studies  are  under  way  to  assess  the  limiting 
temperature  and  pH  values. 


Place(s)   of  installation/application  (including  dates] 


The  pilot  filters  are  operated  on  site  at  two  different  locations  in  line  with  existing 
treatment  facilities.  On  site  A  slight  ammonia  and  phenol  pollution  of  the  aquifer  generated 
taste  problems  after  desinfection  with  chlorine.  Site  B  is  a  surface  water  treatment  plant 
where  the  concentration  of  ammonia  and  organic  material  as  well  as  the  river  temperature 
fluctuates  widely  during  the  year.  The  chemical  oxydation  of  ammonia  and  organic 
material  by  break  point  chlorination  forms  undesirable  by-products  and  taste. 


Patent  staus,  if  appHcaoie: 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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Project  Title": 
Study  of  biofilm  build-up  in  potable  water  distribution  systems 
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Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 
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-  Study  on  the  design  and  engineering  of  an  experimental  pilot  network,  including  a  study 
on  the  similarity  between  the  design  as  defined  and  a  real  network,  distributing  potable 
water,  both  as  regards  the  hydraulic  aspect  and  physical,  chemical  and  biological 
phenomena  -  Building  the  experimental  pilot  facility. 

-  Development  of  a  method  of  monitoring  the  experimental  network,  especially  with 
regard  to  the  characteristics  of  the  nutrients  present  in  the  water.  The  object  is  to  identify 
and  quantify  biomass  in  suspension  and  fixed  on  surfaces,  as  well  as  to  measure  the 
activity  of  such  biomass  and  the  quality  of  the  water  being  transported. 

-  Work  on  the  modeling  of  a  pilot  network  incorporating  the  growth  and  activity  ol 
biofilm  as  well  as  its  relationsliip  with  the  quality  of  the  flowing  water. 
Attempt  ot  extend  modeling  to  the  behaviour  of  a  real-life  network. 

-  Modeling  of  disinfectants  fixed  biomass  inter-reactions. 
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Place(s)  of  installation/application  (including  dates; 


Pilot  installed  at  International  Water  Center,  Nancy,  France,  since  1986 


Patent  staus,  if  applicaDle: 


Other  information  (e.g.,   funding  source,  cooperating  agencies,   etc.): 

Collaboration  between  Compagnie  G^nerale  des  Eaux,  De-de-France  water  board, 
the  Seine-Normandy  Basin  Authority,  Pont  h.  Mousson  LTd,  and  Nancy  Urban 
Community. 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,  patent  descriptions,  etc. 
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ATTRACT 

Bacteria]  population  (measured  as  total,  actively  respinne.  and  plate  counr 1  were 
analysed  during  drinking  water  transporr  within  an  indusri.aJ  network  pilot  plant 
CiMnpr  j  tied  of  six  loops  serially  disposed.  PVC  .nid  cement  coupons  werf  exposed  to  the 
ware!  flow  usmir  especial  sampling  devices.  In  the  absence  of  any  residual  chlorine, 
bacteria)  erowth  was  rapid  (doubling  time  10  h i  Jurinc  the  first  40  hours.  Revond  that 
period  plateau  a  stationary  and  even  I  decline  phase  nay  b-:  ohserved.  Fixed  bioutass 
is  around  lOrbacteria  per  square  centimeter  and  decreased  constantly  with  the  distance 
from   the   feed   point   of  the   network.    Substrat   conversion   really   concrol   biofilm  formation. 


Drinking 

c  ement . 
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water,        biofilm,      water     distribution,      neiworu,      grnvtli   and   decay    rate,      PVC, 


INTRODUCTION 

Numerous  raicroomani  .ims  may  be  round  In  drink  I  no  water  as  b»<.ti'ri» ,  funci ,  veasts,  ... 
Illinselin  ,ind  IMurti,  l«i»j  ;  M.ml  ct  a  I . ,  I>»i  .  Olson  and  K.i::y.  l-iSJi.  Their  presence 
■my  tie  the  cause  of  water  oualiry  JegrnJii  t  ion  Jin  in-  rhe  Ji  ,r,  ihution  as  they  interact 
with  conforms  isolation  i  LeChevall  ler  and  Ncrerers ,  !•>•*>),  amplify  secondary  corrosion, 
generate  bad  taste  and  odors,  may  help  r.o  the  survival  of  macroinvertebrates  Asellus 
I  Levy  ef  a  1  ■  ,  I'l.tni.  Also  the  control  of  .such  microbial  popul.it ions  and  particular)-  the 
hvteivt  r,»p|t  i ,    plate   counr    is   a   key    point    for  ,i    lietioi    d i  stri  hu*  ion. 

High  hei  et-orrophic  count  In  drinkinc  water  maj  be  explained  b\  several  parameters  which 
a  re    : 


(I i    introduction  of   bacteria    into    the   syslen  and    survival    characteristic    of 
microorganism:*    under  chlorine    residual    I  Ridtrwa)    an>l    Olson,      10^2    ). 


that 


( J  I    hydraul ici ty   and    residential    time, 

(Jl    biofilm   foimarion    iHryers,    l°S7), 

(Jl    growth    of    bacteria    using      assimilable   organic      carbon    i  Van     der   Kooij      and    Hi  inen, 

I"".;    ;    Joret   and    Levi,    lOSo,    Pascal    er   al .  ,    l"Sn), 
($i   density   of  particles   in   the  water  column, 
I  til    temperature   (Iransolet    er    al .  .    IhSSI, 
(71    characteristics    of   the   material      of    the    pipe    fSchoenon,    lnS6l...    and   so  on. 

Now  tne  question  is  not  only  to  recognise  the  importance  of  these  parameters  but  to 
discriminate  them  in  order  to  classify  liioir  rank  of  importance  or  their  interaction. 
Only  such  a  strategy  m.i_\  really  help  in  the  understanding  of  the  so  caJled  aftergrowth 
phenomena  for  example,  but  also  in  manuceoenr  decision  lar  the  level  of  the  water 
r  iv.i  tmeuf    plunt  |   as    in   monitoring. 
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Then,  rhis  experiment  al  study  has  h.-en  desienrtl  to  i  nvi-st  i  =  .it  .■  hotii  biofilrti  formation  on 
different  material  coupons  (I'VC,  cement),  its  interaction  with  bacteria  evolution  and 
with  orncr  qualiry  parameters  such  as  chlorine  r-e.sidu.ii  in  drinking  water  network  pilot 
plant.  The  pilot  plant  used  has  been huili-d  on  purpose  to  control  most  of  the  parameters 
as  water'  flow  (around  I  m's)  residential  tine  I  from  few  hours  To  several  days) 
i  empcr.it  uie,  water-  quality  influent  .ind  to  prevent  any  externa)  contaminations. 
That  study  gives  preliminary  results  which  show  the  evolution  of  the  water 
characteristics  ..long  the  distribution  s-ystem  I  between  0  and  10  days  of  retention  time) 
and    the   oiofilm  accumular  ion   and    persi  .stenre  on  different   materials. 

Material    and   methods 


Pi Jot    plant 

The    industrial      pilot    plant      used    in     that    study      is   comprised 

disposed    iTicure    II.      lor  each    Joof    i.j)    meters    in   length,      100 

lined   ..ast      iron)    t he   water    flow   telocit)    was  around    I    ■   s  and    the    iheontic.al    resi 

time    of   JO  hours    loop    I Z40   hours   or    10  dnys    for   the   all    pilot 

of   the    parameters   characterising    the    pilot    plant. 


of      six      loops      serially 

mm  in  diameter,   cement 

dence 

The    table    I      gives   most 


TABLE    1    Hydraulic    Parameters   Of   The    Kxneri mental    Network 


kaler   flow   velocity 
Water   flow    rate 
Residence    time    1  cop 
Total    residence    rime 
Rernolnti    numoer 
Velocity    gradient 
Pec  Km    niimov-r 
Rugosity    coefficient 
( lambda  )t 
Laminar  flow 
VI scositv 


1 

a    s 

b  : 

.    h 

JO 

li 

240 

ll 

10 

tv* 

■i 

10 

1 

mm 

0. 

0355 

full 

turhul 

ence 

0. 

01    Stok 

es 

Fr«w  previous  mu.1i  of  simulation  not  i.-imrn-.i  Here,  wr  ir,.i\  iuw  that  each  loop  works 
like  a  ucrfi-Vll)  miked  reactor  when  the  all  pilot  pjaitt  ^  equivalent  to  an  infinit 
tubular  reactoi    with  high   axial    dispersiiw   coefficient. 
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s  1 


G~* 


j£Z 


V  I 


I'll-  I. 


♦ 

Y  6 

i.  hematic    representation    of    lite    dnni.iiir   water   network    pilot    plant 


Durini    the     experiment,      the    pilot    ».,s    fed   Kith    finished   drinking    water   from    the    surface 
water   treatment    of   the   city    of     \ancv    I  lraheaux     water   treatment      plant).      The      source   of 

i 
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supply  ii  the  Moselle  river  coagulated  with  ..iiim.  After  rapid  sand  filtration  and 
ozonation  C,\C  I  i  1 1 1 at i on, 1 imc  .niri  chlorine  .1  if  .iddVd  le  tn,  fhiishtMl  water.  Breakpoint 
chlorina 1 1  on  is  lined  to  carry  free  chlorine  through  tne  treatment  process  steps.  The 
jvcrti.'t  parameters  ichonucal  and  microbiologics  I  1  measured  on  water  collected  at  the 
intake  of  the  network  plant  during  the  experimental  penou  August  -  October  1957  are 
g 1 ven    in   the   table  2. 

TAnLL  2      Selected    Chemical    And    Mi  crobi  o  I  ogi  caj    Parameters    1  means  1    Measured    On 
Finished    ESrer    At    The    Ir.'ni.e    Of    Tin'    Pijor 


15 

S.s- 

O.n 

0.4 

4      X   10" 

:.i  x  10 J 

I'm  .irniT or  Averaic  value 

Temperature    I  °C  1 

pH 

Total    chlorine    1  rag   1  I 

[•"roe  chlorine    img'll 

Met  or.n  rophi  c    plate   count 

1  C.I  .r.   ml  1 

Active   bacteria    (cell   ml) 

Epif  luorescence   count   icell    n  1  1  2.n  x    103 

Particles    I    ml  I 

1-5     urn   class  1.4!" 

"-Ii1   in    rlass  70 

I  i  -J  1)  im    class  ]«J 

Mlj        lmg.1)  5.11 

Org.N    (»;    1 1  0.) 

TOC    tmg.'l  )  2.0 

»0C    In;   II  O.PQ 

P-TOj      (mg'll  O.Oo 


Analvtical    methods 


insioe    tnc    pilot    plant 


Attached  bacteria  were  removed  from  rhc  surface  of  PVC"  or  cement  coupon  by  2  tnin 
ul  trasonicat  ion  in  25  ml  of  nit  7  tris  buffer  no  lilt  ion  (bacteria  free).  The  total  number 
of  bacteria  was  counted  bj  microscopic  observation  undet  VV  1  ishc  after  filtration  on 
black  polycarbonate  Nueleopore  membrane  10.22  /m.  porosity!  of  the  stained  bacteria  with 
acridine  oi'tinfe  (0.02  Sf  A.O.  final  concentration.  "tO  min.  contact  timel. 
The  actively  respiring  bacteria  lactive  oactenal  were  counted  with  a  microscope 
accord  1  tic  10  the  modified  technique  of  Ritton  and  Koopmann  ItWC).  Briefly  the  bacterial 
suspensions  are  incubated  for  2  h  at  room  temperature  wj  th  veast  extract,  nalidixic 
ai.id  and  iodo-ni trophonyl  telrazoliuir.  or  1\T  (O.j  g'l,  0.02  g  1  and  0.2  g/1  final 
concentration  respect  ively  ) .  The  samples  •  1  nil  of  malachite  green  solution  '0.1  Z  final 
concentration  I  are  filtered  through  polycarbonate  Nuclcpore  membrane  (0.22  um  porosity  I 
and  the  actively  respiring  bacteria  1 wi th  red  spots  of  formaian  inside  the  cells)  are 
counted.  The  bacteria  able  to  grow  on  agar  medium  are  quantified  by  classical  method 
usini;  aear  med  1  urn  without  glucose  I  Attain  M'T  00-402)  and  expressed  as  number  of  colony 
forming   units    (('.I'll)    after    IS  days    of    incubation  at    22°C    .    IT.. 

All    the      barret ioloeical    results     were   expressed      as    bacteria      per    square      centimeter   of 
materia.]    tested    or  per  milliliter   wnen  warer    smuplcs  were   analysed. 

chemical        analyses  performed        on        ..-iter    samples      included    pH    (Quick   00314    p)| 

Mttterl,  nitroeen  foi-ms,  phosphates,  carhmn. * .  Nitrates  afTcr  reduction  into  nitrites  and 
mi  1  lies  Wk'rr  analysed  hy  reaction  with  sulfanilamide  and  the  n  naphtvl  etiivi  ene  which 
give  j  colored  complex  susceptible  to  spect  ropliot  one  11  10  measurement  at  537  nm  I  Af  nor 
M'T  noon  method!.  Organic  nitrojon  was  iummii-,\!  after  conversion  into  nitrates  by 
alkaline  potassium  pcrsulfate  treatment  at  2!V  tor  45  mm.  ILeClcirec  et  al  ■  ,  1<V&3). 
Total  organic  carbon  IT.0.C.I  wh>  determined  u-ing  ■  Ponrwinn  T.O.C..  analyser  and  the 
taamifact  urcr'  s  1  ust  rue lions.  Assinu  lable  organic  carbon  i\.0..'.i  was  measurea  using  the 
slight);  modified  technic  proposes  b\  \an  der  Kooi.j  and.  Hi  men  iinS2).  The  maximal 
nuiibe.'  of  "semi  onto  iias  f  1 110  re  seen  s  l'17  obtained  after  "•  to  h  days  of  incubation  at  "5°C 
i..is    . onveri eg    into   nig   of  acetate  C  equivalent      lire:. 
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Design    of    the    study 

PVC  and  cement  circular  coupon*  12.0  and  2..*  cm*"  water  exposed  surfaces  i  rspc.  r  i  vel  y  J 
were  putcd  inside  the  water  cipes  of  c.icli  loop  lining  esperial  samplinc  devices  which 
allow  to  located  rhe  eiBoaed  sinfarr  of  the  rcsied  coupons  at  the  level  of  the  Interna] 
pipe  wall  and  then  to  submit  rhe  coupon  surfaces  to  the  true  hydraulic  Conditions 
occurin?  inside  the  network.  PVC  and  cement  coupons  were  laved  on  the  pipes  at  Hat  C 
when  the  all  pilot  plant  was  werkin*  frrm  ^irrjl  weeks  and  was  considered  at  s ready 
state.  Then  the  coupons  were  sampled  three  weeks  after  the  Pay  0  when  biofilm  formation 
was  considered,  accordinc  tc  out  unpnel  ishcd  ptiMjous  studies,  ,i  I  tir.ij\  state. 
The  coupons  were  sampled  ascrticallv  and  submitted  to  the  analyse*  whithin  the  next  twe 
hours.   The  water  samples  were  proceeded   in  the   same  way. 

Because  the  chlorine  residual  'combined  and  free)  was  consumed  within  the  first  loop 
(40  h  residence  time)  it  can  be  assumed  rfaa<  the  all  system  was  chlorine  free. 
Analytical  results  obtained  from  vatei  samples  are  presented  in  rhe  paper  a*  a  function 
of  the  time  from  0  to  240  hours  accordinc  to  the  fart  that  the  water  flows  in«i  our  loop 
to  another  one  and  then  that  ii  is  mifftaMr  to  link  the  rxpriiarnlal  pomis.  Ilnvovt-r 
for  biofilii  analysis,  data  at.-  plotted  a  i  cm-dime  io  the  nunfaei  of  ouch  loop  intMhvi  I  »o 
ol  where   the  coupons  are  sampled. 

Results 

bacteria   in   the   water   column 

The  number  of  bacteria  at  the  intake  si  the  experimental  network  is  relative]}  high  as 
snovn  in  the  table  2  and  they  are  enough  rime  tat  minima  40  h  for  tne  1  cop  I .  enough 
biodegradable  organic  matter  i  oo  ug  1  of  A.O.C.  in  jvtrawi  and  coed  temperature  ■  2  5"C  t 
te  support  bacteria]  growth,  flats  presented  on  the  figure  Z  express  clearli  such  a 
bacterial    uioom   esreci^ily    within    the    i'irst    loop. 

The  apparent  growth  rates  calculated  fiom  me  barter Ul  counts  at  Ow  intake  and  the 
outtake  of  the  loop  N"  I  140  hours  hydraulic  retention  rime'  show  that  apparen'  ti  are  2 
to  10  folds  higher  within  the  first  40  hours  comparatively  to  the  other  sections  of  the 
network  I  up  to  40  hoursl  (Table  31.  When  comparing  the  three  types  of  bacterial 
numeration,  the  plate  count  near  ir.l'.l'.i  gives  the  most  efficient  signal  of  harteria] 
growth.  The  ratie  epi  f Jucresrenc-  arrive  bacrrna  r.r.r.  chances  between  the  intake  and  • 
rhe   outtake   from    IOC  C.o   C.I'   ro    IOT  4.2    |.|. 


I 


log/ml    3 

: 


i 


/ 


/ 


*■  Eplfluwrscencf 
*"  Acli«  6icteru 

■•  CfJU 


:■:.: 


Fig.   2 


0  4P  R."  •.';■•  UjO  COO 

Hy4rauli'  rv.w-i*'  l«"c  iHoursl 

hvoint  ion   ct     Hie    bacterial    population   during   waiei    ,i  isi  i  iltul  ion   wtihir    1 1  ■ . 
experiacnt a J    network 


However,      beyond      the    I'irst      JO  hours    the   apparent   growth    rare    is   eery    low   and   a    decline 
phase   may   pc  observed   quiet      rnpp.lli    wild      hot  ei  nt  rorhi  r    plate     count    latter     the   sot-o.nl 
loop    -      Ntl  hours      hvdraiil  ie    ivicut  i.'ii      time'    rhen   with   active    hat  or  in    latter    lit'   hours  I 
and    'hen   with    epi  fluorescence    >  hey  end    2tV   hours).      The   apparent    decay     r.-ites    I  rui .      bpiip-'l 
are  equal      to  0.010.        0.004   and     0.00"    respectively-      and    show     that  heterotrophic    pure 
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counts  which  increase  the  most  rapidly  decrease  the  first  and  the  most  rapid!*  rro 
ITacle  3).  Now  when  considering  the  last  section  of  the  network  <!i>0  tr  240  hydraulic 
retention  time*  some  r  hi  nc  like  cryptic  growth  I  Ma  son  ct  j  J .  ,  |  uKn  I  «av  he  noticed  with 
the   heterotrophic    plate  count    that   complicates   definitively    the   picture  of    the    systeai. 

TAHLf*   1      I'ar.ime'ers    nur,irtrri;in;  ".  rowth    And    Ureal    Of    The 

llacr.erial    Por-u  ]  a;  i  en    «_i_tlnn    The    Distribution    I'noi     t'i.inr 


Type   of 
numeration 


Apparenr   urowth   rate    i  )i    :    ( 
and    apparent    doubling    tune    I; 


during  i  nc 

f i  est   40  hours 


h  i 


neyoiio   41''   hours 


Decay    rnie   i  t.d  i 


Ih 


-l 


tpifluorescence 

0.01" 

0.0017 

count 

l-    -    JS| 

le  ■  jr-> 

Active     bacteria 

0.0  in 

0.00IO 

i'e  -   121 

1-   =    -IUI 

heterotrophic   pi 

ate 

0.00  = 

0.001 

count    (C.r.C.  1 

1  (    i     1  0  i 

l£    -    2.11  t 

O.OOI'i 

0.004 
O.OId 


Nutrients    in    the   water   column 

Heterotrophic   bacteria)    srowth    is    supported   only    by   nurnents    lorsarnr    carhen.    nitrcseii 
pncscnatesi    found    in   the   water     direct]*    Pr     indirectly    I rhrouch    "the   mctaoeJ  i  ■cm     of  the 
biofili-   itself).        Then    it      is   not      *urprisinE    that    those    parameters   (  nance   duriac    k.uc- 
t  ran  sport    within   the    notwor... 

Criranic  carbon  expressed  as  T.P.C.  'Inure  3)  decreases-  siinif  icat  i  vol  v  w.thin  -he  first 
loop  from  2.04  tc  1.41  ■e.'l  and  consequently  shows  a  verv  nice  negative  correlation  with 
bacterial  growth.  In  parallel,  surpns  in-iy .  A.O.C.  expressed  in  relntivelv  arfrirrarT 
units  lacerate  C  equivalent*  represents  only  5  ?  of  the  T.P.C.  and  decreases '  ouli  of  20 
«ig/l.  Beyond  the  second  loop  I  up  tr  ^0  h  hydraulic  retention  time!  T.O.C.  concentrations 
increase  constantly    as    sour    bar  irn.il    molecule  releases   occur    In  our    *vstem. 


<m<j/1) 


00 


0  40         80         120       160       200       240 

»iq<3r  juhc  rwsnj»nc»  ttm#    inoursi 

lie.    ;.   Organic  iiirl-on   'T.o.r.   ant'  A.O.r.i   evolntir.ii  durine  water 
distribution  within   the   experimental    network 

Oreamc  nmojen  even  at  low  concent  rat  i  on  disappears  dull  he  water  transport  in  w,i  ,,ou,-,. 
and  riicn  some  release*  occur  aftei  120  h  hydraulic  retrntion  rime  irieure  4  I.  Ilpyond 
InO  hours  Hoop  H"  4"  uncomplete  deni  trif  irnt  ion  process  s:.,rt«  with  intrrardiarv 
nitrite   foriiiation. 
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Fie.   J.    Nitrogen    for-.3    cu>luTi 


on   jurm-    k.it-r   a] ..«  ri  hut]  on 
within    the    ex  perineural    network 


i  o  f  i  1  r.   f  o  mta  1 1 01 


pointed     out    by    Hryers  And  dune 
■  ii-    result    of    sovcr.iJ    processes,    buc 

'*'".      shear      related    rcmov.il... 
•  .'=;perature,      tot*]    bacteria]    densit 
-over,      figure  5      shows     clearly    _ 
:  tusity. 

considering,  rhe  cement,  coupons  i 
.  .'ouai  to  i.o  x  |o'  per  r, 
:  -.erv.it ions  IDoiilan  and  Pipes,  10« 
-•""  actiet  bacteria  heterotrophic 
Jet  mi  lively  different  of  the  rai 
:iMnae>   Ji.isu.ally  her«o«n   I  nop   l   . 


kli*    ll'»S2l    and    l.rvers    UV7),      blofilu   formation    is 

len.il    j.-iimiv     in   i|M    Ki1i,t   and    transport,    adhesion 

In   the      pilot    used    In   that    study    :      utter  Telocity! 

V   ere   quiet    equivalent    in  „11    points   of   the   network! 

evolution    frc*   Joop   to   loop  of   the   fixed   bacteria 


the  loop  mash.tr  I.  the  totu]  bacterial  oopulation 
■Itivll  i!,  uniet  conn.,  lout  to  several  published 
I.  1  Olson  and  Natty,  10-.4,.  The  ratio  epifluorewence 
plate  count  in  loop  I  i>  equal  to  100/16.2/5.  J.  It 
10  calculated  in  the  flovinr.  water  ( 100'4.2/l.lj  and 
r.d  n  u»V>   ",d  p.  -  i . 


^^t^tho:^;/^"™  ui 4 »ir  *•  h— '  -«»ity  a ',«« 


■MtLI    4      r-haracter.st.es   Of    The    Line.,,    feroM.    herween   Tin-    Number   Of   The    Loop    lx) 


I'W     l ounon 

Tvpe   of   numeration  slope'  FeTrleln" 


Cegggt    coupon 


slope  f   origin 


tpi/juorescenre  count 
Active   bacteria 
Heterotrophic    plate 
count    CC.F.ll.  ) 


r.itt-- 
0.2S 


<>.  12 

v"5 


-  O.Ono 

-  0.19- 

-  0.21* 


774 
6.47 

5.15 


correlation   coefficient    ii-nii icat i ve  at    0.0!    ,.'   level ~ 

correlation   coefficient    si-n if ioat ive  at   0.05  "   level 
8      correlation   coefficient    no   sisnif icat i ve 

::::;=;i":,jr;:,:i^-:";;;;r;:-^:.n::i;::c,i^:.-r"- 

,    nlrll         y    ""■■\,w    w"lth   herervrrophiv    pl.,,0   count    (around   05  -,    c0«parative?v    to 
0 pi  fluorescence   count    laround   45   51  i..am   thi»      iiff„.„„  L£     i   ""•►Mr»"veij    to 

1     -i,.ria   ^»i    1;,  ,  •■*—"»   this     difference   in     the    behavior     of  total 

I....  t.     1.   and   livin,    bacteria    could    be    ,ol.,.cd   ,0    tin-    nut  n  out    |„ilillal    j„   water  andbv 
w.,..    ol    consequence   to   the    biofilu  specific    grown    rate  decrease.  * 
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INTRODUCTION 

Consumer  complaints  related  to  water  supply  are  generally  concerned  with 
either  taste  and  odor  or  metering  problems.  The  sensitivity  of  consumers 
to  taste  and  odor  characteristics  of  distributed  water  has  forced 
producers  to  devote  more  attention  to  this  problem  ;  perhaps  in  excess 
of  that  dictated  by  health  considerations.  The  nature  of  compounds 
responsible  for  these  problems  is,  with  few  exceptions,  not  well  known. 
Moreover,   in  the  last  few  years,  the  use  of  synthetic  pipes  (eg.  poly- 
ethylene) for  drinking  water  distribution,  has  been  rapidly  increasing. 
However  in  some  cases,  changes  in  drinking  water  organoleptic  properties 
have  been  noticed  concurently  with  the  use  of  HDPE  pipes.  Three  principle 
causes  for  these  changes  have  been  identified  in  the  literature  : 

-  dissolution  of  the  polymer  additives, 

-  oxidation  of  the  internal  surface  of  the  pipe  and  dissolution  of  the 
resulting  polar  compounds, 

-  migration  of  external  contaminants  through  the  pipe. 

This  study  focuses  on  the  role  that  high  density  polyethylene  (HDPE) 
pipes  may  play  in  the  degradation  of  drinking  water  quality  in  the 
distribution  system.  In  addition,  a  test  protocol  has  been  implemented 
to  select  HDPE  pipes  suitable  for  drinking  water  distribution  systems. 
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both  laboratory  and  Held  conditions  were  reported  and  demonstrate 
unaibiquously  the  appearance  of  nuaerous  organic  compounds  associated 
with  an  intense  taste  and  odor  problem  during  the  passage  of  drinking 
waters  through  various  polyethylene  pipes.  Batch  experiments  showed 
that  two  principal  mechanists  are  involved  in  the  occurence  of  organo- 
leptic changes  caused  by  defective  polyethylene  tubings  : 

-  dissolution  of  the  polymer  additives,  and  particularly  alkyl  phenols 
derived  from  the  well-known  antioxidant  BHT,  at  concentrations 
exceeding  1  ug/1  ; 

-  oxidation  of  the  internal  surface  of  the  pipe  during  extrusion  with 
subsequent  release  of  the  resulting  polar  compounds  (aldehydes, 
ketones)  . 

Twenty  per  cent  of  the  264  pipes  tested  appeared  to  be  defective  and 
the  total  release  t  i  a  e  aay  exceed  a  year  under  low  flowrate  conditions, 
Figure  1  indicates  that  the  initial  peak  of  TOC  observed  disappears  after 
the  passage  of  4  a3  corresponding  to  a  ratio  of  r i ns i ng-vo 1 uae  to  voluae 
of  the  pipe  equal  to  1000.  On  the  other  hand  the  release  of  total 
phenolic  additives  is  sore  gradual  and  20  X    of  the  initial  release  is 
Still  observed  between  a  rinsing  ratio  of  7,50  0  to  100,000.  The  concen- 
tration of  total  phenolic  additives  is  constant  and  equal  to  approxima- 
tely 2  /ug/1  between  rinsing  volumes  of  20  and  400  a3.  The  threshold 
taste  number  retains  very  high  (^  10  units)  up  to  a  rinsing  voluae  of 
100  cubic  meters. 
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quality  (chemical  and  organoleptics  properties). 
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SUMMARY 

A  case  study  is  reported  that  demonstrates  the  appearance  of  numerous 
organic  compounds  associated  with  an  intense  taste  and  odor  problem 
during  the  passage  of  a  drinking  water  through  a  300  m  polyethylene 
pipe.  Batch  experiments  showed  that  two  principal  mechanisms  are 
involved  in  the  occurrence  of  organoleptic  changes  caused  by 
defective  polyethylene  tubings,  dissolution  of  the  polymer  additives 
(e.g.,  aikylphenols )  and  oxidation  of  the  internal  surface  of  the 
pipes  curing  extrusion  with  subsequent  release  of  the  resulting  polar 
compounds  (aldehydes,  ketones,  etc).  Of  the  264  pipes  tested,  25% 
appeared  to  be  defective,  and  the  total  release  time  may  exceed 
several  months  under  low  flow  rate  conditions. 

Over  the  last  few  years,  the  use  of  synthetic  pipes  (e.g., 
polyethylene)  for  drinking  water  distribution  has  been  rapidly 
increasing  (13).  In  addition  to  corrosion  considerations,  their 
extensive  use,  in  the  case  of  high-density  polyethylene  (HDPE),  is 
motivated  by  favorable  mechanical  properties,  ease  of  handling  during 
manufacture,  and  low  permeability  to  external  contaminants  (5). 
However,  in  seme  cases,  changes  in  the  organoleptic  properties  of 
drinking  water  have  been  noticed  concurrently  with  the  use  of  HDPE 
pipes.  Three  principal  causes  for  these  changes  have  been  identified 
in  the  literature  : 

-  Dissolution  of  the  polymer  additives  ( 7 ) . 

-  Oxidation  of  the  internal  surface  of  the  pipe  and  dissolution  of 
the  resulting  polar  compounds  ( 8 ) . 

-  Migration  of  external  contaminants  through  the  pipe  ( 12 ) . 

This  paper  reports  a  case  study  that  clearly  demonstrates  the 
appearance  of  numerous  organic  compounds  during  the  passage  of 
drinking  water  through  a  300-m  polyethyelene  pipe  in  relation  to  an 
intense  taste  and  odor  problem,  and  focuses  on  the  role  that  HDPE 
pipes  may  play  in  the  degradation  of  drinking  water  quality  in 
distribution  systems. 

MATERIALS  AND  METHODS 

Laboratory  and  field  conditions  were  tested.  Laboratory  samples  were 
obtained  by  passing  tap  water  through  various  sections  of  an  HDPE 
conduit  with  respective  internal  diameters  of  26,  34,  and  40  mm.  The 
water  velocity  was  3  m/min.  Field  samples  were  taken  from  HDPE 
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portions  of  distribution  systems  located  in  a  southern  suburb  of 
Paris.  Organoleptic  qualities  of  the  various  samples  were  evaluated 
using  Flavor  Profile  Analysis  (FPA)  and  the  Threshold  Taste  Number 
(TIN)  according  to  Standards  specified  for  the  European  Community 
( 1 ) .  The  FPA  technique  was  developed  for  the  food  industry  ( 3 )  and 
has  teen  recently  extended  to  analyze  of  tastes  and  odors  in  water 
samples  (10).  Erlenmeyer  flasks  and  a  temperature  of  45°C  were 
adopted  for  odor  evaluations.  A  panel  of  four  or  more  trained 
"tasters"  evaluated  the  organoleptic  qualities,  giving  a  description 
and  an  intensity  for  each  taste,  odor,  and  sensation  observed,  with 
regard  to  a  list  of  approximatly  25  descriptors.  The  scale  for 
intensity  was  0  (absent)*,  1  (threshold),  and  12  (strong),  with  five 
intermediate  values.  . 

Chemical  analyses  initially  involved  closed  loop  stripping  analysis 
(CLSA)  and  was  later  supplemented  by  steam  distillation  extraction 
(SDE).  The  CLSA  technique  used  for  broad  spectrum  analysis  was 
similar  to  that  used  by  Grob  ( 9 ) .  The  water  bath  and  carbon  trap 
temperatures  were  maintained  at  45°C  and  55°C,  respectively.  The 
methodology  described  by  Nickerson  and  Likens  (14)  was  followed  in 
applying  the  SDE  as  a  complement  to  the  data  obtained  by  CLSA.  The 
SDE  technique  involves  a  batch  extraction  of  3  liters  of  water.  Water 
and  solvent  (50  ml  of  methylene  chloride)  are  heated  separately, 
after  which  they  are  condensed  together.  The  condensate  separates 
into  two  phases,  and  the  solvent  is  recovered  for  subsequent 
concentration  (approximately  250  ul),  using  a  set  of  small  Dufton 
distillation  colunms.  By  the  nature  of  the  technique,  SDE  is  expected 
to  collect  conpounds  of  higher  molecular  weight  and  higher  polarity 
than  does  CLSA.  Moreover,  this  analysis  is  particularly  adapted  to 
sensory  measurements  by  the  GC/" sniffing"  technique. 

The  resulting  extracts  were  analyzed  both  by  GC/FTD  (Carbo  Erba 
Fractovap  4160,  Italy)  and  GC/MS  (Ribermag  R10-10C,  Rueil  Malmaison, 
France ) ,  In  these  two  cases ,  analytic  methodology  was  as  follows  : 

-  On-coiumn  injection  of  1  ul  on  a  capillary  chromatographic  column 
(Chrompack  OV1701  50  m  long  or  J  and  W  Scientific  DBS  30  m  long) 

-  Electronic  impact  at  70  eV 

-  Mass  range  20-400. 
RESGLTS 

Case  Studv 

In  the  south  of  Paris  during  the  summer  of  1984,  the  connection  of 
three  HDPE  sections  to  a  cast  steel  pipe  (Fig.  1)  resulted  one  month 
later  in  numerous  complaints  of  intense  plastic  tastes.  The  low  water 
velocities  in  this  part  of  the  distribution  system  probably  favored 
the  appearance  of  this  phenomenon.  Four  water  samples  were  collected 
(see  Figure  1)  from  each  section  of  the  HDPE  and  the  cast  steel  pipe 
for  sensory  evaluation  and  specific  organics  analysis. 

Sensory  evalutation  (table  1)  showed  that  the  plastic  odor  appeared 
along  section  1  and  occurred  at  a  maximum  intensity  in  section  2. 

The  CLSA  chromatograms  obtained  for  each  sampling  point  (Fig.  2) 
indicate  the  appearance  of  numerous  organic  contaminants  during  the 
passage  of  dr inking  water  along  the  HDPE  pipe,  with  highest  peak 
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intensities  detected  in  sections  2  and  3.  As  seen  in  Table  2,  the 
main  products  identified  by  GC/MS  correspond  to  polymer  additives 
(6,  15)  (lubricants,  antioxidants,  stabilizing  agents)  and  polar 
compounds  (aldehydes).  The  cuinone  detected  may  be  derived  from  BHT, 
the  well-known  phenolic  antioxidant  (4-methyl-2,6-di-T-butylphenol) 
reacted  with  residual  chlorine  present  in  the  pipe  (0.2  ppm) .  Some  of 
these  additives  were  found  at  concentrations  exceeding  1  ug/1, 
progressively  increasing  from  section  1  to  section  3.  Aldehydes  are 
also  found  at  unusually  high  concentrations  in  the  last  two  sections. 

To  better  understand  the  additives,  a  HDPE  sample  of  section  2  was 
obtained  and  cut  into  thin  slices,  of  which  10  g  was  placed  in  1 
liter  of  mineral  water  (Evian,  France)  and  allowed  to  soak  for  48 
hours.  Subsequent  closed- loop  stripping  and  GC'AlS  analysis  of  the 
soak  water  (Fig.  3,  Table  3)  allowed  the  identification  of  a  broader 
range  of  additives  :  in  addition  to  the  compounds  previously 
mentionned,  several  plasticizers  were  found  and  the  presence  of  BHT 
was  confirmed.  This  product  may  be  directly  used  as  an  antioxidant  or 
may  be  derived  from  the  commonly  used  thio-bis-phenols . 

Qualitv  Control  of  Various  HDPE  Sandes 

--  - 

Since  the  role  of  HDPE  in  the  degradation  of  organoleptic  properties 
was  clearly  evidenced,  it  seemed  necessary  to  control  the  quality  of 
the  pipes  available  on  the  French  market.  A  total  of  254  HDPE 
samples  was  tested  according  to  the  following  procedure  :  2-m 
sections  were  rinsed  with  tap  water  (flow  rate  :  700  1/h)  during  1 
hour  and  then  were  sealed  with  brass  caps  and  left  in  contact  with 
tap  water  over  a  period  of  12  hours.  The  threshold  taste  numbers 
(TTN)  determined  for  these  samples  are  reported  in  Table  4.  It  can  be 
seen  that  20%  of  the  pipes  tested  presented  a  TTN  exceeding  the  limit 
fixed  by  the  European  Ccmmunity  (threshold  3  at  25 °C).  Among  the 
defective  pipes,  more  than  50%  showed  TTN  values  higher  than  30. 

Complementary  parameters  were  measured  for  three  typical  samples 
(high,  medium  and  low  taste  intensity  determined  by  FPA)  and  are 
surmiarized  in  Table  5.  Nonspecific  parameters  such  as  UV  absorbance 

or  CH_  index  are  significantly  increased  ;  the  taste  intensity  does 
not  seem  to  be  directly  related  to  the  concentrations  of  the  released 
additives.  Because  the  total  yields  of  polar  compounds  (aldehydes  and 
ketones)  increase  with  increased  taste  intensity,  it  can  be  assumed 
that  these  polar  compounds  play  a  role  in  establishing  the  final 
organoleptic  sensation. 

Raw  HDPE  Granules 

To  determine  the  relative  influences  of  the  polymer  itself  and 
manufacturing  process  (pipe  extrusion),  raw  granules  of  polyethylene 
with  Thio-bis-phenol  as  an  antioxidant  additive,  were  left  in  contact 
with  mineral  water  (Evian,  100  g/1,  48  h),  which  was  then  analyzed  by 
CLSA-GC/MS.  Compared  with  the  extract  of  section  2  soak  water, 
similar  concentrations  of  the  same  additives  were  found,  but  there 
was  a  complete  absence  of  the  polar  compounds.  The  ratio  (S)  of 
contact  surface  to  water  volume  that  we  applied  in  the  raw  HDPE 

with  internal  diameters 
specific  surface  of  20 
cm  /g).  Therefore,  we  can  assume  that  these  ccnpounds  are  formed  by 
oxidation  of  the  internal  surface  of  the  pipe  during  the  cooling 
phase  following  the  extrusion,  in  the  presence  of  air  (4,  7,  8,  11). 

FR-54 


granules  study  is  equal  to  that  of  HDPE  pipes 
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Sensory  Evaluation  of  the  Additives 

A  GC-sniffing  method  was  used  in  an  attempt  to  identify  the  specific 
additives  involved  in  the  odor  problem.  In  this  procedure,  the 
effluent  of  the  capillary  chromatographic  column  is  split  into  two 
parts ,  30%  supplied  to  the  FID  detector  and  70%  to  the  operator  nose. 
Figure  4  represents  the  GC-odor  chromatogram  of  a  sample  of  section  2 
soak  water,  extracted  by  methylene  chloride  with  a  steam-distilla- 
t ion-extraction  technique.  The  basic  burnt  plastic  odor  detected  in 
the  waters  studied  was  found  to  be  caused  by  component  number  4,  BHT. 
Two  ether  aromatic  compounds  also  revealed  a  plastic  odor.  However, 
it  must  be  kept  in  mind  that  other  molecules  found  below  their  odor 
threshold  in  the  SDE  extract  may  also  have  been  involved  in  the  final 
odor  detected  by  the  consumers  :  e.g.,  2,2,4-trimethylpentan-l,3- 
diol-di-isobutyrate  (plasticizer) ,  the  odorous  property  of  that  was 
checked  with  a  pure  standard.  Furthermore,  since  the  compounds  are 
smelled  separately,  the  method  does  not  account  for  the  synergistic 
effects  that  are  probably  occuring  in  such  a  complex  mixture,  in 
particular  the  polar  oxidation  by-products. 

Evolution  of  Desorption  Products  in  a  Polyethylene  Pipe 

In  the  case  study  reported  above,  the  taste  and  odor  problem  casted 
four  months  (even  after  long  periods  of  rinsing)  finally  leading  to 
the  replacement  of  the  pipe. 

To  obtain  information  on  the  duration  of  the  release,  a  polyethylene 
pipe  (32-mm  internal  diameter)  was  flushed  with  a  given  volume  of 
water  (rinsing  volume)  and  then  sealed.  After  a  48-h  soaking  period, 
with  a  ratio  polymer  contact  area/soak  water  volume  fixed  at  1  cm  , 
TOC,  phenols  concentration,  UV  abscrbance  at  260  nm,  and  TTN  value 
were  determined  in  the  soak  water.  Figure  5  indicates  that  the 
initial  peak  of  TOC  observed  disappears  after  the  passage  of  4  m  , 
corresponding  to  a  ratio  rinsing  volume/volume  of  the  pipe  equal  to 
1000.  On  the  other  hand,  the  release  of  total  additives  is  more 
gradual  and  20%  of  the  initial  release  is  still  observed  between  a 
rinsing  ratio  of  7,500  to  100.000.  The  concentration  of  total 
phenolic  additives  is  constant  and  equal  to  approximately  2  ug/1 
between  rinsing  volumes  of  20  and  400  m  .  TTN  remains  very  high  at 
about  more  than  10  units  up  to  a  rinsing  volume  of  100  cubic  meters. 
Moreover,  UV  absorbance  at  260  nm  is  higher  in  soak  water  than  in 
rinsing  water.  All  cf  these  investigations  indicate  that  the  release 
duration  can  exceed  one  year  under  low  flow-rate  conditions,  with 
defective  polyethylene  pipe  (e.g.,  polyethylene  pipes  with  thio-bis- 
phenol  as  an  additive ) . 

Influence  of  the  Nature  of  the  Antioxidant  and  of  the  Extrusion 
Conditions  on  the  OraanoleDtic  Properties  of  HDPE  Granules 

As  a  consequence  of  all  these  field  and  batch  experiment  results,  we 
can  assume  that  the  use  of  an  antioxidant  with  lower  solubility  than 
thio-bis -phenol  or  4-methyl-2,6-di-ter-butyl-phenol  (BHT)  is  probably 
a  way  to  solve  taste  and  odor  problems  occurring  with  HDPE  polymer. 
Despite  this  fact,  another  important  parameter  seems  to  be  the 
extrusion  conditions  apply  during  the  manufacture.  The  results  shown 
here  are  part  of  a  study  presently  under  investigation,  to  find  an 
improved  formulation  for  HDPE  pipes.  Two  different  antioxidants  were 
chosen,  one  with  effective  solubility  in  water  (BHT)  and  the  other 
with  thecreticaly  no  solubility  in  water  (Irganox  1010,  see  structure 
of  this  compound  in  Figure  6 ) .  Granules  of  HDPE  polymer  were  prepared 
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with  these  two  compounds,  alone  or  in  combination,  at  a  mass 
temperature  of  200°C  and  with  an  air  or  nitrogen  purge  during  the 
extrusion  operation. 

Extractions  of  these  different  granules  were  then  realized  under  the 
following  conditions  : 

-  ambiant  temperature 

-  mineral  water 

-24  hours  of  soaking 

-  100  g/1  of  PE  pellets  (S  =  1.25). 

The  resulting  soaked  waters  were  then  extracted  by  SDE  in  order  to 
determine  the  concentrations  of  HHT  and  degradation  by-products  of 
antioxidant  additives,  and  by  batch  liquid/liquid  extraction  for  the 
determination  of  Irganox  1010  release.  Analyses  were  then  performed 
by  GC/MS  for  SDE  extracts  and  by  HPLC  with  UV  detection  at  280  nm 
(16,17)  for  Irganox  1010  quantification.  In  addition,  TTN  values  were 
determined  for  every  water  sample.  All  the  results  are  shown  in  Table 
6. 

From  these  results,  it  seems  to  be  clear  that  the  higher  the  BHT 
concentration,  the  higher  the  TTN  increase.  Hcwever,  this  phenomenon 
is  much  more  evident  under  air  extrusion  conditions,  probably  because 
of  an  enhancement  by  traces  of  polar-released  compounds  that  remain 
undetected  or  unidentified  in  this  experiment. 

TTN  values  measured  on  the  granules  extraction  are  not  higher  than 
those  detected  with  HDPE  pipes,  perhaps  for  two  main  reasons  : 

-  use  of  another  antioxidant  than  thio-bis-phenol 

-  lower  formation  of  polar  compounds  during  extrusion. 

> 

In  this  experiment,  Irganox  1010  is  the  better  antioxidant  because 
the  TTN's  obtained  are  lower  than  the  European  Contnunity 
specification  (TTN  <  3).  While  Irganox  1010  is  submitted  to  a  high 
decpradation  (see  Figure  6)  under  air  extrusion  conditions,  EHT  may 
play  a  protective  role  for  this  additive,  as  indicated  by  the 
comparison  between  the  last  two  columns  of  the  Table  6.  Finally, 
despite  the  fact  that  very  high  concentrations  of  phenolic  additives 
(10  to  100  ug/1)  and  degradative  by-products  of  these  additives  (2.5 
to  3  ug/1)  are  detected  on  HDPE  pellet-soaked  waters,  it  seems 
certain  that  extrusion  with  nitrogen  purge  has  a  positive  action  on 
the  organoleptic  properties,  and  that  the  less  soluble  the  additive, 
the  more  easily  the  taste  and  odor  problems  are  resolved. 


CONCLDSIONS 

The  case  study  reported  in  this  paper  is  a  typical  example  of  the 
degradations  occurring  in  drinking-water  distribution  systems. 
Passage  through  a  defective  HDPE  pipe  leads  to  a  nonpotable  water 
with  regard  to  the  standard  specifications  of  the  European  Community. 
Besides  exceeding  values  of  TTN,  this  water  presents  concentrations 
of  phenols  that  approach  the  maximum  allowed  (10  ug/1)  ;  these  remain 
undetected  by  the  standard  aminoantipyrine  method  ( 2 ) .  With  these 
high  values  and  the  possible  transformation  ( phenols /quinones)  of 
some  desorbed  compounds,  more  toxicological  information  is  required. 
The  oroblem  sources  and  their  possible  remedies  are  summarized  in 
Table  7. 
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If  the  water  velocities  in  the  distribution  system  cure  difficult  to 
control,  the  use  of  an  antioxidant  with  lower  solubility  than 
thio-bis -phenols  (Fig.  7)  seems  to  be  the  most  appropriate  solution. 
However,  since  all  of  the  antioxidant  additives  seem  to  be  composed 
of  two  or  more  phenolic  rings,  it  can  be  assumed  that  the 
decomposition  of  these  compounds  should  lead  to  an  important  level  of 
phenols  after  the  passage  of  drinking  water  in  HDPE  pipes.  It  should 
be  noted  that  the  US  Food  and  Drug  Administration  (FDA)  prohibited 
the  antioxidant  4,4-thio-bis(3-methyl-6-tertiiobutylphenol)  (7,8). 
Oxidation  during  extrusion  could  be  prevented  by  the  use  of  an  inert 
atmosphere  (nitrogen)  and  the  use  of  --lower  temperature  during 
extrusion  (200°C  as  a  maximum).  Unfortunately,  the  latter  solution 
appears  to  be  too  expensive.  Thus  an  agreement  between  French  water 
distributors  and  HDPE  pipe  suppliers  now  provides  for  organoleptic 
quality  control  of  each  set  of  manufactured  tubings,  ensured  by  the 
extrudeurs  themselves. 
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TABLE    1.    Flavor  Profile  Analysis 


CAST 

STEEL 
PIPE 

HDPE  PIPE 

SECTION  1 

SECTION   2 

SECTION  3 

TASTE 

AND 

ODOR 

BURNT 

4 
PLASTIC 

BURNT 

12 

PLASTIC 

BURNT 

8 
PLASTIC 

THRESHOLD 
TASTE 
NUMBER 

1 

5 

50 

30 

TABLE      2,    Additive    Concent  rat  i  ons    in   HDPE  Pipe 


ADDITIVES 

CONCEN1 

RATION  NG/L 

LUBRICANT 

HOPE 

PIPE 

CAST  (SECTION 
STEEL           j 
PIPE    | 

SECTION 
2 

SECTION 
3 

ALKYL  NAPHTALENE 

—              — 

350 

900 

ANTIOXIDANTS/STABILIZING 
AGENTS 

4  ETHYL-2.6-DI-T-BUTYL 
PHENOL 

— 

70 

120 

ALKYL    THIOPHENE 

— 

90 

500 

1500 

4  f.'iETHYL-2.6-DI-T-eUTYL 
QUI  NONE 

— 

500 

2000 

3300 

ALDEHYDES 

50               80 

500 

600 
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TABLE     J-.    Additive   Concent  rat  1  ons    in   HDPE  Mace  rat  1  on 


ACDITIVES 

CONCENTRATION         NG/I 

LUBRICANT 

ALKYL  NAPHTALENE 

4300 

2600 
70 

350 

-  •      1600 

250 

160 
660 

ANTIOXIDANT 

4-METHYL-2  6-CIT-BUTYL  PHENOL 
4  ETKYL-2.6-DIT-EUTYL  PHENOL 
1.5-D1-T-EUTYL-3.7- 

DIMETHYL  B1CYCL0  HEXANE-2-ONE 
ALKYL  THIOPHENE 

FLASTICIZEKS 

2,2,4-TRIMETHYL  PENTANE 
1.3-DIOL  Dl  ISOEUTYRATE 
TRIEUTYL  PHOSPHATE 
PHTALATES 

TABLE    If-.    Threshold    Taste   Number    (TTN 
26U  HDPE   Samples 

-  FLOW  RATE  :  700  l/h 

-  RINSING  TIME  =  12  HOURS 

-  CONTACT  TIME  =  12  HOURS 


l     01 


TTN 

NUMBER  OF 

HDPE     SAMPLES 

%  OF  TOTAL 

0 

212 

80 

3-10 

13 

5.0         ^ 

10-20 

2 

0.8 

20-30 

6 

y       52 

2.3          1      20 

30-40 

1  1 

4.2 

50 

20       j 

7.6       J 

TOTAL 

, 

264 

100 
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TABLE   5-    Comparat ives    analyses    of 
Various  HDPE  Pipes 


PIPES 


B 


Plastic  Taste  Intensity 
CH?  index  ug/1 
UV  200  nm 
UV  270  nm 
Aldehydes  ng/1 
Ketones  ng/1 
Alkyl  phenols  ng/1 
Alkyl  napthalen  ng/1 
Alkyl  quinone  ng/1 


2 

8.0. 

0.16 

0.091 

480 

220 

1000 

530 

120 


8 

80 

0.19 

0.  171 

570 

500 

3000 

3150 

520 


12 

300 

0.405 

0.  194 

1400 

1  100 

500 

250 

100 


TABLE    6.    Phenolic   Additives   Released 
from  HDPE  Granu 1 es 


ANTIOXIDANT 

IRGAN. 

BHT 

IRGAN. 
BHT 

IRGAN.  I  IRGAN. 
BHT 

EXTRUSION 

N"2            NT2 

N"2       |     AIR           AIR 

T  T  N 

<3         j  >S            >  3                3               >5 

BHT  ng/ 1 

150       j94.000J  44.000  j     350       !  29.000 

IRGANOX  1010     nq/  | 

37.500 

7000     ]  1 1 .000    [21.000 

A  ETHVL-26-OI-T- 
BUTVL  PHENOL    ng  /  | 

! 

950            600 

4  PROPYI.-2, 6-DI-T- 
BUTYL  PHENOL   ng  /  | 

i 

650           100 

I 

x  COMPQl'NO       ng/  , 

1 100            -       i    1000 

2900         1000 

2,6-OJ-T-BUTYL 

OUINONE                 ng/1 

j 

250           100 

4  METMYL-J-T-I3UTYI 
PHENOL                      ng/| 

1 

300 
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Table    7.    Organ o I ept i c   Quality  Problem 
Source   and  Remedy 


-  LOW  WATER  VELOCITIES 

IN  THE  DISTRIBUTION  SYSTEM 

-  RELEASE  OF  HDPE  ADDITIVES 


ORGANOLEPTIC  QUALITY 
PROBLEM  SOURCE 


SURFACE  OXIDATION  OF 
HDPE  PIPES 


REMEDY 


-  USE  OF  ANTIOXIDANT 
WITH  LOWER  SOLUBILITY 

THAN  THIO-BIS-PHENOL 
-*~NEW  FORMULATION 

-  EXTRUSION   UNDER 
NITROGEN    ATMOSPHERE 

-  LOWER  TEMPERATURES 
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Figure    1.    Case    Study 
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Figure    2.    Analysis    of    Water    Samples    CLSAIGCIFID 
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Figure   3.    GC/MS  Analysis    of    Section    2   Soak    Water 
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Figure    U.    SDE  Extract    of   Section    2   Soak    Wa 
GC/Odor   Chroma t ogram 
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Figure   5-    Evolut i on    of  Desorpt i on   Product s    in 
a    Defect ive   Polyethyl ene  Pipe 
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Figure    6.    Degradat  ive    Way    for    Irganox    1010 
Under  Air  Ext  ru si  on    Condi t i on s 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:        FR-Q8 

PROJECT  DESCRIPTION 


Project   ntie: 

Use  of  Micronucleus  Tests  on  newt  larvas  for  the  detection  of  mutagenic 
substances 


Contact  (name  of  person,  organization,  address ,  "telephone) : 

Y.Levi,  Centre  de  Recherche  de  la  Compagnie  Generale  des  Eaux 

Chemin  de  la  Digue,  B.P.76,  78600  Maisons-Laffitte.  FRANCE(1  39  62  34  56) 


Project  Description   (Please  attach  a   schematic  diagram  if  appropriate) 


-  The  detection  of  mutagenic  activities  in  water  is  made  difficult  by  the  various  stages  of 
pollutant  removal  and  concentration.  Moreover,  the  practice  of  tests  on  bacteria  and 
mammal  cells  complicates  the  extrapolation  of  results. 

-  The  Micxonocleus  test  is  applied  to  newt  larvas  (pluerodile)  living  in  the  water  to  be 
analyzed.  After  a  period  of  incubation,  a  count  is  made  of  the  number  of  hematites 
showing  an  abnormality  of  the  micronucleus 

-  The  test  is  applied  to  surface  waters  during  treatment  and,  more  especially,  in  connection 
with  studies  on  the  action  of  disinfectants,  (chlorine,  chlorine  dioxide,  ozone). 

-  Its  use  is  also  contemplated  for  the  control  of  materials  in  contact  with  potable  water. 
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Place(s)   of  installation/application  (including  Sites) : 


Center  of  Development  Biology.  Paul  Sabatier  University,  Toulouse,  France 


Other  information  (e.g.,   funding  source,   cooperating  agencies,   etc.): 

Collaboration  with  Center  of  Developement  Biology  Paul  Sabatier  University,  Toulouse, 

France 


If  available  attach  descriptive  publications,   technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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Detection  of  mutagenicity  in  drinking  water  using  a  micronudeus 
test  in  newt  larvae  (Pleurodeles  waltl) 


Andre  Jay  let.  Laurv  Gauthier  and  Maria  Fernandez 

Centre  de  Biologic  du  Developpemem.  UA  Ho.673  (CNRS).  Universale 
Paul  Saoaner.  118.  roiae  de  \arnonne.  31062  Toulouse  Ccdex.  France 

W«  have  previously  described  a  micronudeus  test  using  eryth- 
rocytes from  larvae  of  the  urodele  amphibians  Pleurodeles 
waltl  (pieurodele)  and  Amhystoma  mexicanum  (axolotl).  The 
test  is  based  on  a  comparison  of  the  levels  of  rnicronucleated 
erythrocytes  in  blood  smears  from  larvae  reared  in  water  con- 
taining a  clastogen.  with  the  levels  from  larvae  reared  in 
purified  water.  Using  larvae  from  the  pieurodele.  we  have 
employed  this  test  to  evaluate  mutasenic  activity  in  drinking 
water.  Groups  of  larvae  were  reared  in  tap  water,  while  con- 
trol groups  were  reared  in  tap  water  which  had  been  filtered 
over  sand  and  active  carbon  to  remove  micropoUutants.  Seven 
separate  tests  carried  out  between  October  1985  and  May 
1986  all  gave  positive  results  of  varying  degree  depending  on 
the  time  of  year.  This  test  is  therefore  able  to  detect  ciastotjens 
in  normal  drinking  water.  It  could  be  used  for  quality  con- 
trol of  drinking  water  during  the  various  stages  in  the  treat- 
ment of  raw  water  without  any  requirement  for  prior 
extraction  or  concentration  of  micropoUutants. 


Introduction 

The  potentially  genoioxic  substances  in  drinking  water  come  from 
various  sources.  They  may  be  mutagenic  contaminants  of  the  raw 
water  i  chemicals  from  industrial  wastes,  agricultural  pesticides, 
domestic  effluents,  vehicle  exhaust  fumes,  radioactive  substances, 
etc.).  but  paradoxically  they  may  also  be  organic  mutagens  pro- 
duced during  the  treatment  process  itself. 

The  first  examples  of  the  ianer  type  were  the  tnhaiomethanes 
detected  in  water  treated  with  chionne  (Bellar  a  al. .  1974:  Rook. 
1974).  Among  these  substances,  chloroform  has  been  found  to 
be  carcinogenic  in  experimental  animals  (National  Cancer  In- 
stitute. 1976). 

Organic  micropoUutants  in  chlorinated  water  have  given 
positive  results  in  the  Ames  test,  although  the  exact  nature  of 
the  substances  responsible  has  not  been  determined  (Glatz  er  al. . 
1978:  N'estmann  era!..  1979:  Loper.  1980;  Cheh  er  al.  1980: 
Grabow  a  al..  1981;  Grimm-Kibaio  e:  al..  1981:  Zoerman  er 
al .  1982:  Athanasiou  and  Kynopoulos.  1983;  Kool  ei  al. .  1984; 
Monarca  er  al. .  1985:  Vaniainen  and  Liimatainen.  1986). 
Mutagenic  activity  has  also  been  detected  after  treatment  with 
chlorine  dioxide  (Zoe:man  ei  al..  1982:  Kool  and  de  Kruijf. 
1985).  and  even  after  :reatment  with  ozone  (Kool  er  al.  1984: 
Van  Hoofer  al.,  1985). 

Bacterial  tests  are  not  sufficiently  sensitive  to  be  used  directly 
on  samples  of  drinking  water.  To  test  for  genotoxiciry  the 
micropoUutants  need  io  be  concentrated  before  analysis.  The  com- 
position of  such  extracts  depends  on  the  method  of  concentra- 
tion. In  fact,  no  extract  contains  the  exact  relative  proportions 
of  the  various  pollutants  of  the  original  sample,  and  the  mutagenic 


effects  of  a  given  sample  cannot,  therefore,  be  accurately  quanti- 
fied using  existing  methods  of  sample  concentration. 

In  order  to  get  round  this  difficulty,  various  in  vivo  tests  using 
fish  have  been  proposed  (Kiigerman  er  al..  1975:  Prein  er  al. . 
1978;  Kiigerman.  1979;  Alink  er  al..  19S0:  Hooftrnan.  1981: 
Hooftman  and  Vink.  1981;  Hooftrnan  and  de  Raat.  1982:  Van 
der  Hoeven  er  al..  1982:  Vigfusson  er  al..  1983,  Kiigerman  er 
al .  1984;  Van  der  Gaag  and  Van  de  Kerkhoff.  1985).~AIthough 
some  of  these  tests,  especially  those  involving  exchange  of  sister 
chromatids,  can  detect  genoioxic  activity  in  highly  polluted  sur- 
face water,  they  do  not  seem  to  be  sufficiently  sensitive  for  use 
on  drinking  water. 

Ln  previous  studies  (Siboulet  er  al .  1984;  Gnnfeid  er  al. ,  1986: 
Jaylet  er  al.  1986a.b)  we  reported  the  use  of  a  micronudeus 
test  in  two  urooele  amphibian  species:  Pleurodeles  walrl 
(pieurodele)  and  Ambysroma  mexicanum  i axolotl). 

Ciastogens  lead  to  the  formation  of  micronuclei  that  are  readilv 
visualized  in  the  red  ceils  of  iarvae  of  both  species.  The 
micronuclei  are  seen  as  small  intracytoplasmic  clumps  of 
chromatin  which  resemble  small  nuclei.  They  are  formed  from 
chromosome  fragments  or  whole  chromosomes  that  have  not 
migrated  to  either  spindle  poie  during  anaphase.  Micronuclei  are 
thus  due  to  chromosome  fragmentation  or  to  a  disorder  in  the 
mitotic  machinery.  In  the  former  case,  the  micronuclei  are 
chromosome  fragments  with  no  centromere,  unattached  to  spin- 
dle fibres.  In  the  laner  case,  they  consist  of  whole  chromosomes 
which  did  not  migrate  to  the  poles,  due  to  spindle  defects. 
Clastogenic  substances  and  spindle  poisons  both  lead  to  an  in- 
crease in  the  number  of  ceils  containing  micronuclei. 

Evans  er  at.  (1959)  were  the  first  to  suggest  counting  cells  with 
micronuclei  as  a  method  for  the  evaluation  of  cytogenetic  damaee. 
and  induction  of  micronuclei  has  been  used  subsequendv  bv  rnanv 
workers  to  measure  genotoxiciry.  A  detailed  description  of  the 
micronudeus  test  using  bone  marrow  polychromatic  erythrocytes 
from  small  mammals  is  given  by  Schmid  (1976).  Results  from 
the  micronucieus  test  and  recommendations  for  its  practical  ap- 
plication have  been  surveyed  by  Heddle  er  al  (1983). 

Erythrocytes  in  the  larvae  of  the  pieurodele  and  the  axolotl 
are  large,  ovoid,  nucleated  cells  (30  ^m  long)  which  divide 
actively  in  circulating  blood.  Micronuclei  in  these  ceils  can  be 
readily  visualized  on  blood  smears. 

Under  normal  rearing  conditions  the  spontaneous  level  of 
mjcronucleated  cells  is  generally  <  10  per  1000.  Comparison 
of  the  levels  of  rnicronucleated  erythrocytes  between  larvae  reared 
in  pure  water,  and  those  reared  in  water  containing  a  potential 
clastogen.  provides  a  measure  of  the  mutagenicity  oi  the  water 
under  test,  and  can  readily  be  applied  to  samples  of  drinking 
water. 

Materials  and  methods 

The  lesl  used  pieurodele  iarvae.  T«-o  months  arter  laying,  ihey  are  -  30  mm 
long,  and  tney  men  reach  40  mm  wiihtn  ihe  new  10  days.  This  is  a  suitable  umr 
for  -jkin2  biood  samples  by  caruiat  puncture.  This  represents  a  penou  of  fast 
growth,  and  Ihe  number  of  mitoses  in  red  pcnpneral  blood  cells  is  around  I0°« 
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Rg.  1.  Histograms  of  median  values  obuined  for  ihe  vanous  tests  on  laooraton.  drinking  water  samples,  in  black:  tesis  usuis  cnnbng  water  filtered  over 
sand  and  caroon,  in  white   lests  over  the  same  penod  mine  non- filtered  up  water    Error  oars  indicate  95  T,  confidence  limits"  Date  of  tests-  no  1    P  10  85  to 
24.10.85:  no.::  24.I0.SS  to  12.11.85:  no.3:  04.12.85  to  16.12.85:  no.4.  31.01.86  to  19.02.86;  no.5:  04.03.86  to  20  0^  86-  no  6 21  03  86  io  15  04  86-' 
No  7    17.05.86  to  23.0.V86.  Tesis  1  and  3  were  earned  out  in  glass  containers  with  daily  chanies  of  water.  Tests  2.4.5.6  and  7  were  earned  out  in  running 
water  aauana,  ■ 
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Table  I.  Results  of  lests  on  iaooraton  up  water  (expressed  as  the  number  of  micronucleated  cells  oer  thousand) 


DATE     12.10.85 

to  24.10.85 


24.10.85 

to  12.11.85 


04.12.85 
io  16.12.85 


31.01.86 
to  19.02.86 


04.03.86 
to  20.03.86 


21.03.86 
io  15.04.86 


17.05  86 
to  23.05.86 


Filtered      Tap  Filtered     Tap  Fiuered      Tap  Filtered      Tap  Filtered     Tap  Fihered      Tap  Filtered      Tap 

tap  water         up  water         tap  water         up  water         tap  water         tap  water         up  water 

w3!er  walrT  »ater  water  water  water  waier 


Lower 

extreme 

j 

14 

4 

3 

1 

J 

Lower 

uuartile 

6.5 

20 

5.5 

14 

5 

in 

Median 

9 

•i 

- 

13 

7 

l? 

Upper 

ouanile 

13  J 

43 

9 

41 

11.5 

17 

Upper 

extreme 

21 

64 

15 

105 

20 

29 

Mean 

10.5 

34.3 

7.4 

31  41 

8.68 

14.1 

Results 

- 

# 

- 

Animal 

number 

10 

_  i 

15 

17 

19 

!9 

5 

t  S 


12.5 


- 

12.5 


7 
3.1 


!0 


13 

7.2 


10 


14 
4.1 


20 


19 
36 

14.7 


20 


3 

4 

-> 

20 


20 


12 

6.05 


20 


16.5 

42 
14.05 


Tne  lests  were  carried  rail  nver  me  R-mnnth  penod  beiween  Ociober  1985  and  Ma>    1986.  Tests  I  and  3  were  carried  oui  in  glass  conumers  wiih  daiiy 
cnange-,  of  water  and  food.  All  tne  other  tests  were  earned  oui  in  running  water  aauana    Fresh  food  was  adaed  daily. 
-  Positive  result 


(Depans.  1973).  The  details  of  the  rearing  of  the  animal.s  and  the  methoanlosy 
of  the  test  nave  been  described  eisewnert  (Jaylei  ei  at..  I986ai 

Water  samples  were  taken  from  a  lanoraiory  tap  ai  inc  Paul  Saoaticr  Univer- 
sity in  Toulouse  iFrancei  The  waterworks  which  supplies  the  Universitv  aostracis 


raw  water  from  the  n\er  Garonne  with  a  daily  production  of  -  6000-4000  m* 
The  rav.  waier  iv  treated  wiih  lime  and  aluminium  sulphiie  or  feme  chloride 
depending  on  cne  time  of  year.  After  fiouuon  and  sand  filirauon.  the  water  is 
disinlectcd  with  chlorine. 
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The  mean  monthly  level  ol  organic  caroon  ranged  between  1 .2  and  2. 1  p.p.m. 
tnrnugnoui  the  penou  ot  testing  Seven  tests  (numbered  in  cnronoiogicai  order) 
were  carried  out  between  Gciooer  l*»S5  and  VI  ;\  mso  The  shonesi  lest  was 
6  Jjvs  inn  7)  Test  numbers  1 .?  and  6  lasted  \2  davs.  test  number  5.  16  uavs. 
and  lest  numbers  2  and  4.  19  days  In  each  test  the  levels  of  micronuclei  were 
compared  between  larvae  reared  in  tap  water  and  control  larvae  reared  in  up 
water  that  had  been  filtered  over  sand  ami  activated  carrion  The  filter  consisted 
Ol  j  metallic  cylinder  containing  500  I  ol  sjnu  and  gravel  in  tnc  bottom  Ban  and 
500  i  ni  activated  caroon  in  uie  anner  oan  It  ooeraieu  at  a  maximum  pressure  ol 
1.5  bars,  and  a  water  flow  ol  -I  m'  per  h. 

The  chlorine  content  ol  tap  water  ranged  inmi  0  to  0.2  p.p.m  It  snouid  be 
nixed  trui  picurodelc  larvae  u.e  within  j  few  hours  il  the  level  exceeds  U  4  p  p.m 

In  tne  lirst  and  third  tests,  the  experiments  were  earned  out  in  5-1  glass  con- 
tainers containing  -  I  ol  *atcr  The  water  was  renewed  daily  In  the  otner  live 
tests,  the  experimental  cnambers  consisteu  ot  two  auuana  iwitn  an  overflow  i  con- 
tinuously supplied  with  water  One  aquarium  was  supplied  directlv  from  the  up 
while  the  other  received  water  from  the  same  source  after  it  rod  Deen  liiterec 
through  sand  and  activated  carbon. 

in  all  cases,  the  water  lemoerarure  was  maintained  at  2V  -  0.25°C  The  larvae 
were  fed  on  chironorma  larvae  wtitch  were  added  daily 
E'nrt-ssion  ol  results 

For  each  bit  mo  smear,  tne  numoer  of  micronucieatcd  cells  was  counted  m  a  sairiDie 
ot  H'KX)  erytnrocytes  The  statistical  method  aesenbed  by  MacGill  et  at.  I  19781 
based  on  medians,  limiting  values  and  quaruies  was  employed  to  analvse  the  results. 
The  median  or  a  sample  in  2  71  is  calculated,  and  the  95S  confluence  interval 
is  expressed  by 

M    =    1.57   x   |QR;V„ 
w  nert  M  ■  meaian.  and  IQR  =  interquartile  ranee   The  difference  berween  the 
medians  of  control  and  exDerimental  groups,  is  significant  at  tne  5  'c  ievel  if  tne 
two  calculatec  confluence  intervals  contain  no  values  in  common. 

Results 

The  results  are  represented  in  Figure  I.  and  detailed  in  Table  I. 
The  median  values  for  tne  various  control  groups  varied  from 
test  to  test.  However,  in  all  cases,  the  larvae  reared  in  untreated 
tap  water  had  higher  levels  of  micronucieated  erythrocytes  than 
those  reared  in  tap  water  that  had  been  filtered  and  treated  with 
active  carbon. 

Discussion 

Using  this  test  we  detected  clastogenic  activity  in  all  samples  of 
tap  water  taken  at  different  times  throughout  the  year.  Filtration 
o\tr  sand  and  active  carbon  was  able,  at  least  in  pan.  to  remove 
these  pollutants  since  the  larvae  reared  in  the  treated  water  always 
had  lower  levels  of  micronuclei. 

For  identical  treatment  periods  (12  days  for  test  numbers  1.3 
and  6:  19  days  for  test  numbers  2  and  4)  the  level  of  mjcronuclei 
varied  at  different  times  during  the  year.  For  the  12-da\  treat- 
ment period  (no.  I.)  the  maximum  was  in  October,  while  for  the 
19  da)'  ireatment  (no.  2)  it  reached  a  maximum  in  November, 
Two  non-exclusive  hypotheses  can  be  proposed  to  account  for 
these  changes.  Firstly,  the  quantity  of  micropollutants  and  the 
content  and  nature  of  organic  matter  in  the  raw  water  mav  vary 
throughout  the  year  (depending  on  Garonne  river  level),  and  thus 
affect  the  composition  of  the  tap  water.  Secondly,  the  quarttirv 
of  chlorinated  compounds  produced  by  treatment  with  chlorine 
is  known  to  be  temperature-dependent  (Rook.  1974).  The  level 
of  some  micropollutants  may  therefore  fail  in  winter.  The  level 
ot  micronuclei  in  control  animals  also  varied  with  the  time  of 
year,  generally  in  a  similar  way  to  that  ot  the  experimental 
animals.  This  difference  couid  perhaps  be  attributed  to  genetic 
differences  berween  the  groups,  although  this  is  unlikely.  More 
probably,  a  small  proportion  of  the  clastogenic  pollutants  was 
not  removed  by  the  sand  and  carbon  treatment.  This  was  in  fact 
confirmed  on  more  detailed  analysis  (results  not  shown).  This 
would  explain  why  a  similar  pattern  was  observed  for  both  the 
control  and  experimental  groups  over  the  vear. 


Apart  from  these  mechanisms,  there  is  the  possibility  that  the 
effects  observed  were  due  to  a  chlonne  residual  (e.g.  HOG. 
OCr.  NH:G.  etc.)  which  might  have  been  removed  in  our 
filter  along  with  the  organic  micropollutants.  These  chlorine 
residuals  either  on  their  own  or  after  transformation  in  the 
organism  could  have  been  responsible  for  the  clastosenic  effect. 
For  example,  hypochlorite  has  been  reported  to  cause  osmotic 
fragility  in  blood  ceils  in  rats  ( A bdei -Rahman  et  ai.  1984).  and 
chromosome  damage  in  cultured  ceils  (Ishidate  et  aL.  1984). 

A  further  control  would  be  to  rear  a  group  of  larvae  m 
"ultraoure'  water  ideionized  and  devoid  of  ail  organic  matter i 
to  which  essential  salts  and  an  amouni  of  chlorine  equivalent  to 
thai  found  in  the  taD  water  are  added. 

The  aim  of  these  studies  was  to  discover  whether  the  test  was 
sufficient])  sensitive  to  be  used  directly  on  samples  of  dnnktns 
water  without  prior  concentration.  To  our  knowledge  this  is  the 
first  description  of  a  test  using  an  aquatic  vertebrate  for  the  detec- 
tion of  potential  ciastoaens  in  samples  of  tap  water. 

The  test  also  gave  positive  results  with  raw  water  that  was 
known  to  be  polluted  by  factory  effluents  < unpublished  results). 
This  method  for  detection  of  mutagenicity  m  fresh  water  could 
tncreiore  be  employed  for  quality  control  of  annking  water  dur- 
ing the  various  treatment  stages. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  »:  FR-Q9 

PROJECT  DESCRIPTION 


Project   Title: 

Application  of  Data   processing  to  remote  control   of  potable  waterworks 
and  dependent  networks. 


Contact   (name  of  person,  organization,   address,   telephone): 

J.L.Davoust,  Compagnie  Generale  des  Eaux,  52,  rue  d'Anjou,  75008  PARIS,  FRANCE 
(142  66  9150) 

J.C.Arraudeau,  Compagnie  Generale  des  Eaux,  52,  rue  d'Anjou,  75008  PARIS, 
FRANCE   (142669150) 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriated 


We  mention  some  of  the  computerized  projects  set  up  at  Compagnie  Generale  des  Eaux  : 

-  Computerization  of  paper  work  (book-keeping,  cost  analysis,  salaries, 
inventories,  office  automation,  etc.).  Since  1980,  there  are  been  new  developments  as 
decentralization  of  terminals  in  local  agencies  and  meter  reading  by  portable  terminal 

-  Computerization  of  technical  management  -  are  guided  by  the  criteria  : 
decentralization,  hierachy  and  safety.  Since  the  early  seventies  this  is  progressively 
materialized  in  the  Paris  suburban  Utility  with  basic  automatic  systems  at  local  level, 
production  plant  control  rooms  and  finally  overall  coordination  level  (Water  Movements 
Centre). 

-  Technical  design.  Drawing  board  work  must  give  priority  to  the  links  between 
the  extremely  varied  disciplines  to  be  approached  (civil  engineering,  chemical 
engineering,  mains,  electrical  engineering).  Starting  from  CAD  equipment  and  software, 
experiments  are  currently  in  progress  to  set  up  highly  sophisticated  graphic  information 
between  systems. 

-  In-house  communication  based  on  videotex  teletel  and  specialized  data  base 
consultation  have  recently  been  introduced  and  are  rendering  considerable  service. 
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Operating   and  cost  data   (including   data  on  efficiency,    results,   etc.): 


-  Nowadays  a  mini-automated  controller  can  be  fitted  to  each  filter,  the  exchange  of 
informadon  being  provided  by  a  local  plant  network.  Not  only  does  the  top  heavy 
centralized  system  disappear,  but  an  improved  service  is  supplied  to  the  operator, 
allowing  highly  flexible  adjustment 

-  Decisive  parameters  can  be  measured  continuously  downstream  from  the  treatment 
plant,  and  different  stages  of  the  tratment  and  in  the  distribution  system  (flow  meter, 
ammonia,  TOC,  Aluminium,  Heavy  metals,  suspended  solids  levels,  turbidity,  residual 
chlorure  sensors...)  transmitting  measurements  to  the  CPU,  make  it  possible  to  foresee  all 
risk  of  pollution  and  changes  in  the  quality  of  water. 

-  Based  on  the  forecast  conception  for  the  next  24  hours,  the  "pilot"  Expert  System, 
developped  in  the  treatment  plants  belonging  to  the  De-de-France  water  board,  enables  to 
propose  an  operating  sequence  for  the  lifting  and  feeding  equipment  in  keeping  with  the 
capacity  of  the  reservoirs  and  to  propose  a  planning  for  the  washing  of  the  filters. 


I 


Place! s)   of  installation/application   (including  dates): 

Paris  suburban  Utility 

Local  Agencies  of  the  Compagnie  Generate  des  Eaux 


Other  information  (e.g.,   funding  source,  cooperating  agencies,   etc.) 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,  patent  descriptions,   etc. 
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COMPUTER  TECHNOLOGY  IN  WATER  DISTRIBUTION 

Jean-Ciaude   ARRAUDEAU.  Jean-Louis  DAVOL'ST,  Olivier  PASCAL 

COMPAGNIE  GENERALE  DE5  EAUX 

i  2  rue  d'Anjou  -  7>00S  PARIS 

FRANCE 


The  application  of  data  processing  in  the  water  distribution  trade  is 
characterized  by  the  pursuit  of  traditional  objectives  like  increaseG 
productivity,  enhanced  quality  oi  tne  service  rendered  with  its  implica- 
tion of  secure  operating,  optimization  of  investments  and  improved 
working  conditions  for  the  personnel.  But  the  development  of  these 
applications  musi  cope  with  certain  specific  factors: 

-  the  opposition  between  the  speed  at  which  computer  technology 
evoives  and  the  necessarily  progressive  phasing  in  of  the  admissible 
changes.  In  fact,  tne  water  utility  is  obliged  to  respect  continuity 
as  its  prime  obligation  and  rely  on  an  infra-structure  that  is  only 
renewed  at  a  slow   pace: 

-  tne  scattered  organization  of  widely-spaced  water  distribution  systems: 

-  tne  great  numoer  of  different  technical  and  administrative  techniques 
involved. 

The  fields  in  which  data  processing  are  applied  is  therefore  extremely 
varied  representing  a  vital  challenge.  Developments  in  computerization 
must  be  guided  to  form  a  coherent  whoie  whereby  the  overall  level 
of  the  service  can  reach  objectives  of  productivity,  quality  anc  so 
on  thai  justify  each  individual  application. 

This  is  perspective  in  which  we  would  like  to  mention  some  of  the 
computerized  projects  set  up  at  Compagnie  Generale  des  Eaux.  analyzing 
the  narrative  of  tneir  development  and  gradual  integration. 

Computer. zation  of  paper  work  in  such  traditional  fields  as  book-keeping 
ana  cost  analysis,  salaries,  inventories,  office  automation,  etc-.  In  these 
areas  tne  break-in  of  micro-processing  has  enabled  small  scale  water 
utilities  and  local  agencies  of  larger  departments  with  self-sufficient 
and  flexible  tools,  using  software  packages  that  can  be  adapted  to 
the  local  background. 

Administrative  computerization  in  water  management  has  a  more 
specific  cnaracter  when  it  comes  to  subscriber  accounting  ana  billing. 
Towards  the  end  of  the  sixties,  the  computer  department  of  Comoagnie 
Generale  des  E^ux.  that  issues  several  million  invoices  per  annum. 
procured    powerful    central    processing    equipment    ana      billing      software 
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designed   for   its   own   use.   Since    19SC    there  have  been  new  developments: 

-  decentralization  ot  terminals  in  local  agencies. 

-  meter  reading  bv   portaDie  terminal. 

Computerization  of  technical  management  in  poiaoie  water  production 
Diants  anc  distriDution  networks  enaoies  all  site  to  be  centrally  managed 
(including  process  operating,  network  operating  and  maintenance  func- 
tions). 

Three  criteria  guide  systems  designing:  decentralization,  hierarchy 
and  safety.  In  the  Paris  Suburban  Utility,  these  criteria  are  materialized 
at  three   levels   that   have  been  phased   in  gently  since   the  early  seventies: 

-  basic  automatic  systems  at  local  level. 

-  production  plant  conirol  rooms. 

-  overall  coordination  level  (%aier  Movements  Centre). 

Coordination  jobs  use  knowledge  base  systems  (filter  washing,  centralized 
network  hydraulic  management). 

Technical  design.  Drawing  board  work  must  give  priority  to  the  links 
beiween  the  extremely  varied  disciplines  to  oe  approached  (civil  engi- 
neering, chemical  engineering,  mains,  electrical  engineering).  Starting 
from  CAD  equiDment  and  software,  experiments  are  currently  in  prog- 
ress  to  set   up  highly  sophisticated  graphic   information  between  systems. 

Research  and  development  Department.  Operational  research  software 
is  used  nere  to  oraw  up  a  plan  of  experience  and  analyze  the  results. 
It  operates  data  acquisition  loops,  often  intricate,  mainly  digital,  for 
monitoring  the  treatment  line  and  the  network. 

In-nouse  communication.  Often  a  difficult  challenge  for  large-scale 
utilities,  of  wnich  the  structure  is  frequently  decentralized.  Computeriz- 
ed telecommunications,  based  on  videotex,  teletel  and  specialized  data 
base  consultation,  have  recently  been  introduced  and  are  rendering 
consideraDle  service. 


Independent  developments  between  different  sectors  of  application 
have  enabled  quick  progress  to  be  made  without  having  to  upset  the 
general  strategy  of  the  company,  and  allowing  time  for  workers  to 
aaapt  to  the  new  structures. 

The  need  for  a  more  glooal  approach  to  computerization  is  becoming 
more  and  more  apparent.  It  is  made  possible  by  high  performance  tools 
and  data  base  management  systems  that  play  the  part  of  a  turntable 
between  the  various  applications  made  difficult  by  the  insufficient 
standardization  of  data  processing  products. 

A  data-processing  plan,  regularly  appraised  and  adapted  maintains 
organizational  vigilance  and  steers  the  individual  developments  towards 
the  general  objectives. 
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Exemples  de  bases  de  donnees  polyvalentes  pour  une  distribution  d'eau 
Examples  of  multi-purpose  data  bases  for  a  water  distribution  system 


Applications 
Applications 


BASE  DE  DONNEES 
DATA  BASE 


Applications 
Applications 


-n 

m 

i 
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Salsle  sur  terminal  portable 

Acquisition 

via  portable  terminal 


CAO/Dureau  d'etudes 
CAD/Drwg  office 


Fonctlons  entrellen 
Maintenance  function 


Plans  d'experlence/ 

reclierches  sur  la  quallle 

et  le  Iraltement  des  eaux 

Experimental/ 

Research  plans  on  water 

treatment  quality 


Abonnes 
Subscribers 


Roseau  de  canallaatlons/cartographle 
Pipe  network  mapping 


Plans  CAO  des  ouvrages 
CAD  Dwgs  of  structures 


Etats  hydraullqes  des  ouvrages 
Hydraulic  status  of  structures 


Quallte  de  I'eau 
Water  Quality 


Boiles  aux  lettres/messagerle 
Mall  box/transport 


Banque  de  donnees/Prodults  polluants 
Data  base/pollutants 


Banques  de  donnees  blbllographlques/Documenlatlon 
Data  base /bibliography /document  at  Ion 


Modeles  de  previsions 
de  la  consommatlon 
Consumption 
forecasting  models 


Centre  de  mouvemants  d'Eau: 

parametrage  temps  reel 

du  reseau  Gestlon  des  crises 

(pollutions,  etc..) 

Water  movements  centre. 

Real-time  network 

parameter  control  Critical 

situations  management 

(Pollution  etc.) 


Gestlon  de  la  production' 
Production  management 


EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:        FR-10 


Project  Title: 

Development  of  Tasting  Assistance  Automatons  for  the  "UP  AxND  DOWN" 
Testing  Procedure. 


Contact  (name  of  person,  organization,  adaress,  telephone; 


Y.Levi,  Centre  de  Recherche  de  la  Compagnie  Generale  des  Eaux  -  OTV 
Chemin  de  la  Digue,  B.P.  76,  78600  Maisons-Laffitte,  FRANCE 
(1)39  62  34  56 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate] 


-  Development  of  an  automaton  designed  to  :  dispense  water  samples  to  tasters,  effect  the 
dilutions  resulting  from  the  test  responses,  process,  print  and  store  the  results. 

-  The  up-and-down  procedure  requires  the  distribution  of  several  samples  to  an  untrained 
tasting  panel,  for  tasting  in  pairs  or  for  triangular  testing.  The  fact  that  these  tests  take 
place  in  the  waterworks  makes  the  use  of  a  fully  automatic  system  indispensable. 

-  The  automaton  combines  three  units  :         -  water  dispenser, 

-  input/output  management  unit 

-  control  and  operating  computer  and 
peripherals 

-  The  use  of  this  system  is  being  generalized  to  all  Compagnie  Generale  des  Eaux  potable 
water  production  plants  for  quality  control. 
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Operating  and  cost  data   ( 


data   (including  data  on  efficiency,   results,  etc.): 


'Placet s)   of  installation/ application  (including  dates;: 

-  Research  Center,  Maisons-Laffitte  since  1986. 

-  Choisy-le-Roi  Waterworks  (Ile-de-France  water  board  and  C.G.E.)  1987 


Patent  staus,   it  applicable: 


Qther  inf0nnati0n  (e.g.,  funding  source,  cooperating  agencies,   etc.) 


^"available  attach  descriptive  publ  icat  ions     ;eU,„  .  cal    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 

FR-80 


1 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 


EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWARF  Code  4:        FR-11 


Expert  system  to  control  the  treatment  process  in  order 
to  avoid  taste  and  odor  problems. 


uon  fcccx 

l  r.e~e 

of  person,  orcanue:ior.,  actress,  t 

e . epnonej  : 

C.  Anselme,  J.  Mallevialle 

Centre  de  Recherche  de  la  Lyonnaise 

des 

Eaux 

38.  rue  du  President  Wilson 

78230  Le  Pecq  (France) 

(1)  39  76  64  10 
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Statistical  methods  have  been  developed  to  understand  and  resolve  the 
problems  associated  to  unpleasant  tastes  and  odcrs  in  drinking  water 
(Anselme,  Bordet,  Mallevialle,  AWWA  1986).  These  models  allow  to  estimate 
both  the  organoleptic  qualities  of  water  from  the  corresponding  chroma- 
tographic profile  and  the  chromatogram  from  the  flavor  profile.  Encou- 
raging results  obtained  with  these  models  have  led  to  the  long-term  goal 
of  controlling  the  treatment  process  to  avoid  taste  and  odor  problems. 
But  all  the  problems  associated  with  tastes  and  odors  cannot  be  resolved 
exhaustively.  A  correct  interpretation  of  the  results  given  by  the  model 
requires  a  full  investigation  of  the  model  (direct  and  inverse)  and  its 
limits.  That  is  why  the  know-how  of  the  statistician  analyst  is  required. 
When  the  compounds  responsible  of  tastes  and  odors  problems  are  identified 
it  is  again  heuristic  methods  which  are  used  to  determine  the  treatment 
solutions.  The  natural  extension  of  the  study  consists  in  considering  the 
different  techniques  of  Artificial  Intelligence  in  order  to  realize  an 
integrated  system  including  algorithmic  and  heuristic  methods. 

The  long-term  objective  is  to  implant  the  expert  system  in  the  treatment 
plants.  This  expert  system  would  have  to  permit  the  water  distributors  to 
solve  a  lot  of  problems  without  the  need  of  a  physico-chemical  analysis 
and  to  modify  some  aspects  of  their  normal  operation  to  alleviate  taste 
and  odor  problems.  However,  to  realize  this  long-term  goal  a  reference 
data  base  -oust  be  collected.  This  data  base  consists  of  water  samples 
taken  in  different  treatment  plants  for  which  GC/HS  analyses  and  flavor 
profiles  are  encoded  and  stored. 

Functional  Specifications 

This  expert  system  is  composed  of  several  modules.  Each  module  was 
developed  in  an  independent  way,  but  in  the  inclusive  system  all  of  them 
are  in  interaction. 
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Module  of  Information  Retrieval 

The  purpose  of  this  system  is  to  provide  the  user  an  intelligent  assistance 

on  the  retrieval  of  information  concerning  the  taste  or  odor  and  the  taste 

or  odor  threshold  of  a  certain  chemical  compound  from  available  information 

bases. 

Module  of  Guiding  Simulations  Made  by  the  Stochastic  Model 
Relationships  between  flavor  profiles  and  chromatograras  are  often  unknown. 
The  identification  of  the  compounds  responsible  of  unpleasant  tastes  and 
odors  is  difficult.  They  are  present  at  very  low  concentrations  and  show 
interaction  mechanism  (synergetic  effect).  In  these  cases,  the  expert  can 
use  a  stochastic  model. 

Module  of  Choice  of  Treatment  Solutions 


When  the  compounds  responsible  of  unpleasant  tastes  and  odors  are  identifiec 
the  expert  system  has  to  propose  some  solutions  of  treatment  to  eliminate 
them  in  regards  to  treatment  lines  constraints.  Then,  the  expert  system 
tests  the  validity  of  the  proposed  solutions  using  transfert  functions  of 
each  treatment  step . 


Placets)   of  instil lazion/appl  icaticn  (including  cazes.: 

Expert  system  prototype  already  available  at  the 
Lyonnaise  des  Eaux  Research  Center  (1988) 
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'.e.g.,  funding  source,  cooperating  agencies,  etc.): 


See  display  material  to  be  available  at  conference. 
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".arvjfactyrers1    specifications,   patent  descriptions,  e:c 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  *:        FR-12 

PROJECT  DESCRIPTION 


Project  Title: 
Immunology  in  fast  automated  water  analysis 


Contact  (name  of  person,  organization,  address,  telephone): 

M.M.Bourbigot,  Centre  de  Recherche  de  la  Compagnie  Generate  des  Eaux 

Chemin  de  la  Digue,  B.P.76,  78600  Maisons-Lafffitte,  FRANCE  (1  39  62  34  56) 

J.Mallevialle,  Centre  de  Recherche  de  la  Lyonnaise  des  Eaux, 

38,  rue  du  President  Wilson,  78230  Le  Pecq,  FRANCE      (1  39  76  64  10) 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 


Immunotests  are  based  on  the  fact  that  the  antibodies  generated  by  an  animal  to  defend 
itself  against  a  given  bacterial  infection,  for  instance,  reach  specifically  with  these 
antigens  that  caused  their  synthetisation.  The  serum  containing  these  antibodies  can  as  a 
rule  be  used  therefore  to  fix  or  to  detect  the  corresponding  rnicroorganism.The  application 
of  these  techniques  to  potable  water  gives  rise  to  a  number  of  problems  : 

-  many  of  them  need  heavy  equipment 

-  they  are  mainly  designed  to  measure  large  concentrations  and  the  signal  to 
background  noise  ratios  ar  far  from  being  optimized 

-  They  are  only  utilizable  as  it  is  possible  to  obtain  antibodies  that  are  on  a 
sufficient  specific  scale  and  in  -rep'roductible  form. 

The  monoclonal  antibodies  bring  a  solution  to  the  last  difficulties  mentionned. 


In  the  light  of  the  overall  research,  our  approach  selected  is  based  on  the  obtention  of  one 
monoclonal  antibodies  capable  of  specifically  recognizing  E.Coli  with  a  response  time  of 
two  hours.  A  single  bacterium  in  a  100  mi  sample  must  be  detectable  with  a  maximum  of 
reliability 
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Operating  and  cost  data   ( incl uding  data  on  efficiency,   results,  etc.) 

We  have  obtained  a  specific  monoclonal  antibodies  but  extra  research  is  still  needed  in 
order  to  optimize  the  signal.  Unmistakable  distinction  between  live  and  extract  bacteria 
must  be  verified. 


I 
I 


Place(s)    of   installation/application   ( including  dates) : 


Patent   staus,    if  applicable; 


Other  information  (e.g.,   funding  source,  cooperating  agencies,  etc.): 

Compagnie  Gdnerale  des  Eaux,  Societe  Lyonnaise  des  Eaux  and  the  Society  des  Eaux  du 
Nord  and  1TNSERM  (Lille)  work  together  to  design  systems  based  on  these  techniques. 
The  research  is  patronized  by  the  Health  and  Environment  Ministry  together  with  the 
Agence  de  Bassin  Seine  Normandie. 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,   patent  descriptions,   etc. 
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ITALY 


ITALY 


Code  #  Project  Title  Page  § 

IT-01         Utilization  of  Special   Steels  for  the  IT-1 

E.U.R.  Raising  Water  Reservoir 

IT-02         Tests   Carried  Out   at  the  Waste-Waters  Treatment  IT-5 

Plant  of  Roma-Ostia  to  Improve  Treatment  Processes 

IT-03         New  Integrated  Process   (Bacteria-Biocatalyst)  IT-9 

Adapted  to  Pre-Existent  Biological   Plants 

IT-04         Process   for  the  Clarification  of  Water  IT-13 

IT-05         Apparatus   for  Biological    Monitoring  With  IT- 15 

Automatic  Alarm  Signalling 

IT-06         Level   and  Flow  Syphon  Device  in  a  Sand  IT-23 

Filtration  Plant 


EMERGING  WATER  SUPPLY  TECHNOLOGY  AWVIARF  Code  #:        IT-Q1 

PROJECT  DESCRIPTION 


Project  Title: 

Utilization  of  Special    Steels   for  the  E.U.R.    Raising  Water  Reservoir 


Contact  (name  of  person,  organization,   address,  telephone): 

A.C.E.A.   Servizio   C.I.I.O.E. 

Ing.    Paolo   Nervi 

00100  ROMA  piazzale  Ostiense,   2 

ITALY 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 
See   Attached   Project   Description 
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Operating  and  cost  data  (including  data  en  efficiency,  results,  etc.): 


total  cost 


capacity: 


max.  discharge 


21,000,000,000  lire 
1,700  m3 
3.9  m3/sec 


Plcce(s)  of  installation/application  (including  dates) 


ROMA   -   ITALY 


Patent  staus,   if "applicable: 


If  available  attach  descriptive  publications,  technical   literature, 
manufacturers'    specifications,  patent  descriptions,  etc. 
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UTILJ7AT10N   OF   SPECIAL   STEELS  FOR   THE   E.U.R, 

RA I S 1 NG  WATER  RESERVO [ R 


The  structure  is  composed  of  a  water  collecting  basin  placed  at 
S5  m  from  the  around,  of  a  hanging  toroidal  tank  and  of  a 
pieiometriC  cylindrical  tower.  All  these  units  «re  supported  by 
tubular  structures  with  inlet/outlet  water  pipes,  stairs  and 
elevator  passing  through. 


The   structure   is   made  of  special  steel   which   guarantees   the 
achievement  nt     the  following  purposes: 


valorisation  of  the  structure  shape:  being  it  visible  from  many 
quarters  of  the  city,  the  use  of  such  a  material  allows  a.  close 
connection  between  functionality  and  aesthetical  needs; 
long  life:  being  the  structure  subjected  to  high  thermal 
variations  and  to  condensate  phenomena,  maintenance  works  will 
be  considerably  reduced. 


The   steels  employed  are  of  IT-ACOR  2  f ITALSIDER  corrosion  proof) 

and  RESCO  36  SB  ( AFL  FALCK)  type.  Both  the  steels  present  similar 

performances    at   COR— TEN  (Corrosion   resistance   and    tensile 
strength)  E  type. 

These  steels  are  killed,  f erritic-pear 1 i tic  structured  and  belong 
to  the  so  called  "weathering  steels"  (weather  corrosion  proof). 


The  use  of  such  materials,  replacing  the  traditional  carbon 
steels,  allows  remarkable  thickness  reductions  with  the 
consequent  weight  decrease. 


The   steels   contain   an  amount  of  about  1  —  37.   of   copper   alloy, 

chrome,  nickel,  vanadium  or  niobium  and  phosphorus.  Their  weather 

corrosion   resistance  is  higher  than  the  one  of  similar  unalloyed 
steel s . 


rheir  improved  anti-corrosion  performances  are  due  to  the 
oxidation  substances  built  up  on  the  steel  surface  which  create  a. 
tough  and  adherent  protective  layer  consisting  of  a  complex 
system  of  oxides  and  salts  ( autopassivarione ) :  thickness  loss  is 
reduced  and  structure  life  increased. 


IT-3 


Fui  ther  remarkable  properties  are: 

-  high  yield  point; 

-  weathering  resistance  four  to  five  times  h.mhpr  than  the   usual' 
structural  grade  carbon  steels; 

-  good  voidability  with  the  usual  welding  processes. 

A] though  these  materials  can  be  conveniently  used  as  unroated, 
the  painting  of  the  part*  in  direct  contact  with  the  water  (soma 
oxides  are  water  soluble)  and  of  the  external  structure  (to 
ensure  a  longer  life  to  the  same)  has  been  provided  for. 


Several  destructive  and  not  destructive  tests,  according 
precise  and  severe  verification  programs  and  to  the  rules 
force,  have  been  carried  out. 


to 

in 


By  employing  up-dated  instruments,  controls  on  the  surface 
preparation  bv  means  of  "white  metal"  and  "semi-white  metal" 
sandblasting  with  abrasive  shots  have  been  also  carried  out  in 
order  to  obtain  the  surface  roughness  arade  suitable  for  the 
protective  paint  coat  adhesion. 

During  the  production  phases.  particular  attention  has  been  paid 
to  the  controls  on  the  paint  films  thickness:  performance  tests 
in  "saline  fog  chamber"  have  been  realized  on  samples. 

Moreover,  it  must  be  pointed  out  that  about  4/5th  of  the  whole 
external  surface  of  the  structure  are  coated  with  low  carbon 
austenitic  stainless  steel,  corresponding  tc  classification  UNI 
X2  -  Cr    Ni  1811  (AISI  304  [_  )  . 

This  not  adherent  coating  creates  a  ventilated  air  space:  thus 
direct  insolation  is  avoided.  the  underlaying  structure  is 
protected  and  aesthetical  needs  achieved. 

To  avoid  corrosion,  due  to  galvanic  contact,  the  mox  costing 
will  be  protected  with  an  adequate  system  of  insulating 
materia  is. 


IT-4 


I 
I 


EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:  IT- 02 


Project  Title: 

Tests  Carried  Out  at  the  Waste-Waters  Treatment  Plant  of  Roma-Ostia 
to  Improve  "reatment  Processes 


Contact  (name  of  person,  organization,  address,  telephone) 

Dott.  Capuani  -  ing.  Galeazzi 
Deouratore  di  Roma  -  Ostia 
via  dell ' Appagliatore 
ROMA  -  OSTIA  LIDO 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 
See  Attached  Project  Description 
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Operating  ana  cost  data  (including  data  on  e^'ficienc},  resuts,  etc.) 


I 
I 


Place(s)  of  instal lation/appl ication  (including  dates) 


Patent  staus,  if  applicable: 


If  availaole  attach  descriptive  publications,  technical  literature, 
manufacturers '  specifications ,  patent  descriptions,  etc. 
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Department    of    RO.MA/OSTIA 


Rome,  28.01.88 


I5§I§_^*BM55_2yi_AI_IllI_^ASTE-WATERS_TREATMENT_PLANT 

OF  ROMA/OSTIA 


Injection  of  aluminium  polychloride  and  anionic  polyelectro- 
lyte 


During  the  primary  treatment,  the  injection  tests  of  alumi- 
nium polychloride  and  anionic  polyelectroly te  have  been 
carried  out  several  times  in  order  to  increase  the  primary 
efficiency:  the  necessary  maintenance  works  of  the  secondary 
tank,  in  fact,  led  to  drain  the  primary  outlet  effluent 
(totally  or  just  in  part)  from  the  plant. 

The  figures  relevant  to  the  last  testing  period,  from  Octo- 
ber 10th  to  30th  1986,  show  an  increase  of  the  primary 
efficiency  of  about  20%,  both  as  SST  and  COD,  as  to 
the  primary  efficiency  results  obtained  in  1986  from  October 
1st  to  10th. 

The  proportion  of  ingredients  was  about  20  ppm  and  0,5  ppm, 
according  to  the  flow  rates  treated  respectively  with  alumi- 
nium polychloride  (Prodefloc  AC  190  -  PRODECO)  and  anionic 
polyelectrolyte  (A  4515  -  PRODECO). 

Tests  with  activated  carbon  powders 


The  tests  carried  out  with  activated  carbon  powders,  direc- 
tly injected  into  the  secondary  tanks  (starting  date:  May, 
27th   1967),   have   been   decided   on   the   need   of   improving 
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the  aptitude  of  the  activated  sludge,  placed  in  the  plant 
biological  sectors,  to  sedimentation.  The  purpose  was  that 
of  obtaining  a  final  effluent  without  sedimented  solids 
and  therefore  presenting  low  analytical  values. 
The  results  achieved,  with  a  dosage  of  about  100  kg/fJ<wof 
activated  carbon  powders,  cannot  be  considered  as  complete 
since,  after  a  first  improvement  of  the  sludge  features, 
a  flotation  phenomenon  of  the  same  sludge  into  the  sedimen- 
tation area  occurred. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  ♦:   IT-Q5 

PROJECT  DESCRIPTION 


i 


Project   I' " : e: 

New   Integrated   Process    (Bacteria-Biocatalyst)   Adapted  to  Pre-Existent 

Biological    Plants 


Contact   (name  of  person,   organization,   address,   telephone): 
Dott.    GASBARRO  Mariella    (ACEA)   P.le  Ostiense,   2  -   00154  ROMA 

Prof.    BLUNDO  Roberto   Ph.D.    (ECOBIOS)   Via  Gravina  di    Puglia   26-00133  ROMA 

tel.    6152346 
Dott.    GENTILINI    Franco    (ACEA)    idem  address 

Dott.    De  Giuli    (ACEA)   idem  address 


Project  Description   (Please  attach  a  schematic  diagram  if  appropriate) 

This  new  biotechnology  is   aimed  at  optimizing  the  management  of  under- 
sized or  bad-forking  treatment  plants,  with  the   following  advantages: 

1)  Reduction    (about  50%)  of  B0D5  and   COD 

2)  Reduction  of  about  l/3rd  of  the   total    sludge  volume 

3)  Reduction  of  nauseating  smell 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

Continuous  Flow  Biocatalist:  about  150  1/h  50  1/sec.  of  inlet  sludge 

Sea  Bacteria:  one  inoculation  per  week  (100  pounds/4000  m3) 

Cost:  From  10  to  30  liras  per  treated  m3  (small  and  big  sized  plants) 
integrating  plant,  personne,  raw  material s,  etc.  included. 


>lace(s)  of  installation/application  (including  dates) 

TOR  BELLA  MONACA  (ROMA)  VIII  District 

Starting  date:  From  September  28th,  1987  up  to  now 


Patent  staus,  if  applicable: 
Yes,  patent  pending. 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

The  integrating  plant  (Digester  and  biocatalist)  is  financed  by  EC0BI0S 
with  an  expense  participation  of  ACEA. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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^I^52II21f25I2Ai_££°5I2S_AT_THE_TOR_BEI,LA_MONACA 

WASTE-WATERS  TREATMENT  PLANT 


ECOBIOS  microbiological  process,  started  at  the  Tor  Bella 
Monaca  waste-waters  treatment  plant  on  September  27th, 
1987,  consists  in  injecting  lipolytic  and  proteolytic  bacte- 
ria together  with  a  continuous  flow  product  (a  biocatalyst 
with  a  flow  rate  of  about  150  1/h)  directly  into  the  aera- 
tion tank  (the  frequency  of  operations  is  foreseen  by 
ECOBIOS) . 

Up  to  October  30th,  1987  the  treatment  has  been  carried 
out  in  the  tank  n.l;  subsequently,  starting  from  the  same 
date,  the  inoculation  was  transferred  to  the  aeration  tank 
n  .2. 

The  analytical  results  recorded  do  not  appear  so  remarkable 
because  of  the  v_e_ry__short_test_ing__p_e_r_i_o_d  (1  month  for  tank 
2  and  2-3  months  for  tank  1)  and  the  bad  working  conditions. 
It  must  be  taken  into  account  that,  not  being  it  a  pilot 
plant  particular  working  conditions  occurred  (sudden  damages 
of  the  turbines,  bridge-crane  stops,  unavoidable  injections 
of  anomalous  sludge  into  the  tank)  which  created  an  unfavou- 
rable situation  to  control  the  process  and  to  achieve  the 
expected  results. 

Up  to  now,  remarkable  improvements  of  the  plant  treatment 
capacity  have  not  been  pointed  out  as  it  appears  from  the 
control  parameters,  which  were  very  similar  to  the  -ones  of 
the  last  testing  period. 

A  positive   figure   is   the   sludge   volume  index   ( SVI  )  :    in 
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the  experimental  tank  the  values  recorded  were  lower  than 
the  ones  of  the  untreated  tank. 

A  further  figure  to  be  stressed  is  the  gradual  reduction 
of  foam  during  the  treatments. 

In  conclusion,  the  carrying  out  of  a  research  program  about 
the  utilization  of  more  suitable  structures  (i.e.  pilot 
plant)  and  of  finalized  analytical  controls,  in  order  to 
better  verify  the  real  positiveness  of  the  product  injec- 
tion, is  suggested. 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


IT-12 


I 
I 
I 
I 
I 
I 
I 


RITOUNAKK  KNTHQ  I_L_.1L>  CLNNA1Q  1908  A:  FEDEUGAiiACQUA 

P.zza  Cola  di  Kienzo.BO 
00192  ROMA    EM 

EKEKG1NG  WATER  SUPPLY  TECHNOLOGY  AHWAKF  Code  j:         IT-04 

PROJECT  DESCRIPTION 


Project  Title: 


PROCESS  FOR  THE  CLARIFICATION  OF  WATER 


WflMCt  (name  of"  person,  organisation,' address,  telephone) 

INC.  GIORGIO  MERLO 

DIRETTORE  GENERALE 

AZIENDA  ACQUEDOTTO  MUNICIPALS  DI  TORINO 
•CORSO  XI  FEBBRAIO  14  -  TORINO  (ITALIA) 
TELEF.  011/2615         TELEX  221544  AAM  TO  I 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

In  the  process  for  the  purification  of  water  by  flocculation  a 

porous  granular  material,   preferably  constituted  by  pyroclasts, 

is  used  as  decantation  accelerator  and  can  act  as  a  substrate  for 

a   bacterial   growth  '  which   achieves   biological   purification 

together  with  the  cheraico-physical 

purification  of  the  flocculation. 

The  drawing  shows  an  application 

of  the  project  to  a  clarifier  of 

the   fluidised-bed   CYCLOFLOC   .  (&> 

type.   Raw  water  is  supplied  at  A 

together       with       aluminium 

polychloride  and  granular  material 

constituted  by  porous  pumice  with 

particle   sizes   from   20   to   200 

microns  and  a  surface  area  less 

than  200  a   /g. 

The  sludge  resulting  is  discharged 

at  B   and  fed  to  a  hydrocyclon 

separator  -  which   recycles   at   F 

granular  pumice. ■   Clarified  water 

is  extracted  at  H.  The  water  to  be 

purified  must  have  an  high,  oxygen 

content  and  a  constant  pH  value 

not   far   from   8   and   must   not 

contain  chlorine  residual. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 

The  project  achieves  efficient  T.O.C.   and  turbidity  removal  with 

much  smaller  amounts  of  flocculant  than  in  a  normal  floccuiation 

process. 

Moreover  the  utilization  of  pumice  eliminates  the  need  of  adding 

weighting  agents  such  as  sodium  alginate. 

The  consequence  is  an  improvement  in  the  quality  of  treated 

water  and  considerable  savings  amounting  to  about  20%  of  the 

total  treatment  cost  necessary  for  drinking  water  treatment. 


Place(s)  of  Installation/application  (including  dates): 

The   project   has   been   experimented   and   implemented   in   the 
Cyclofloc  basins  of  the  treatment  plant  of  the  Po  River  water, 
in  Turin,  that  has  started  operating  in  1963.  This  plant  belongs 
to  the  Azienda  Acquedotto  Municipale  di  Torino  and  supplies 
about  20%  of  potable  water  to  the  City  of  Turin  with  a  flow 
capcity  of  1500  1/s. 


Patent  staus,  if  applicable: 


INVENTOR:  DR.LUIGI  VERDE  -LUNGO  PO  ANTONELLI ,  7-  TORINO  (ITALY) 
ITALIAN  PATENT  N°  67303-A/85  (27.3.85J-N0  67520-A/85  (5.6.85) 
U.S.A.   PATENT  N°  4.675.112  Date  Jun.  23.  1987 
FRENCH   PATENT  N"  8604272  Date  March  25.  1986 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

Information  about  the  project  has  been  given   in  a  rapport 
presented  at  I. U.S. A.   Congress  in  Amsterdam  15/19  Sept.   1986 
about  "advanced  techniques  in  potable  water  treatment". 


If  available  attach  descriptive  puDlications,  technical   literature, 
manufacturers'    specifications,  patent  descriptions,  etc. 


IT-14 


EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #: 


IT-05 


Project  Title: 
APPARATUS  FOR 
SIGNALLING 


BIOLOGICAL  MONITORING,  WITH  AUTOMATIC  ALARM 


Contact  (name  of  person,  organization,  address,  telephone) 

Francesco  Di  Paolo 

A.C.E.A.  (Rome  City  Electricity  and  Water  Board) 

Servizio  Trattamento  Acque  Reflue 

P.le  Ostiense  2, 

00154  Romas 

tel.  (Rome)  822802 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

Electronic  apparatus  has  been  prepared  for  checking  the  behaviour  of 
3  rainbow  trout  kept  separately  in  3  plexiglass  tanks  with  a  continuous 
flow  of  water. 


generated  at  one  end  of  each  tank,  with  voltage 
a  disturbance  area  where  each  rainbow  trout  will 

are  present  in  the  water,  this  behaviour  will 
n,  with  frequent  incursions  into  the  electric  field 
tion)  or  staying  permanently  in  that  area  (state 
Infrared  ray  barriers  together  with  appropriate 

the  task  of  collecting  and  memorizing  these  con- 
ring  the  behaviour  of  the  3  rainbow  trout,  produc- 

ent  to  the  control  room,  will  indicate  probable 
permitting  appropriate  measures  to  be  taken 


An  electric  field  was 
charges;  this  sets  up 
only  rarely  venture. 

When  toxic  substances 
undergo  some  variatio 
area ,  (state  of  agita 
of  inability  to  swim) 
digital  circuits  have 
ditions  and,  by  compa 
ing  a  state  of  alarm. 

This  state  of  alarm, s 
water  pollution,  thus 
before  it  spreads. 

The  apparatus  described  above  is  a  prototype  made  with  the  aim  of 
improving  water  quality  control  carried  out  at  certain  points  on 
A.C.E.A.'s  water  network. 

The  programme  is  being  carried  out  with  the  construction  and  installa- 
tion of  a  total  of  10  pieces  of  apparatus.  The  normal  chemico-physical 
characteristics  of  the  water  in  the  above  control  system  are  as  follows 
temperature  (5+18)cC,  Ph  (6.5+8.5),  dissolved  oxygen  6m-/l,  ammonia 
0.01  p. p.m.,  chlorine  0.05  mg/1 . 
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Operating  ana  cost  aata  (including  data  on  efficiency,  results,  etc.) 

During  an  experimental  running  period  of  6  months,  the  apparatus  has 
not  given  rise  to  any  irregularities;  some  toxicity  tests  carried  out 
have  given  the  following  results: 

Chlorine  =  1.5  mg/1  -  Alarm  time:  20  mins. 

Ammonia  =  50.  mg/1  -  Alarm  time:  27  mins. 

Soda  =  1500   mg/1  -  Alarm  time:  10  mins. 

The  biological  monitoring  apparatus  consisting  of  rack,  electronic 
circuits,  mechanical  apparatus  and  plexiglass  tank,  costs  about 
20,000,000  lire. 


Place(s)  of  installation/application  (including  dates): 

The  prototype,  after  an  initial  trial  period,  has  been  installed  at 
the  A.C.E.A.  centre  at  Via  Cassia  km. 14.5  (Peschiera  Aquaduct)  since 
1st  September  1987. 


Patent  staus,  if  applicable: 

Application  for  a  patent  has  not  been  envisaged. 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 
See  the  information  enclosed  on  a  separate  sheet. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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ADDITIONAL  TECHNICAL   NOTE'S 


SUBJECT:      Biological  monitoring  of  Rome   aaueducts  by 
means   of  automatic   alarm    signals  on  control 
panel   in  control  room . 

A   specimen   of  rainbow  trout    is  nlaced   in  a  narrow 
uerspex  tank  with  a  continuous  flow  of  water.   An  electric 
field   is   set   up  at    one   and  of  the  tank.   The   particular 
arrangement   of  the  electrodes  and  force   lines  of  the   el- 
ectric  field  oblige   the   trout    to   flee   from   the   area   where 
the   field   is  to   be   found. 

The   above-mentioned  field  is   caused  by   a  train   of 
voltage   impulses  lasting  for    15   seconds,    repeated  at   reg- 
ular intervals,    as  well  as  occurring  every  tine  the  trout 
enters  the   area  between  the    electrodes. 

Under  normal   conditions,    and    in  the    "safety    zone", 
the  trout    will  rarely  enter  the   electric   -field,    and   if 
this  were  to   occur,    it   would   immediately  be   localized  by 
a  barrier  of  infrared  rays.    Such  an  event    is  recorded   in 
an  electronic  memory. 

If  there   are   any  toxic    substances  in  the    water,   this 
behaviour   is   subject   to  variation.    In  particular,    the 
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intolerance  reaction  or  the   condition  of   uneasiness 
force  the  trout   to  keep  on  trying  to   enter  the  area 
subject  to  the   action  of  the   electric   head,   by  which, 
however,    it   will  be  rejected  again. 

This  event    will  occur   several  times  over   a  brief 
period  of  time,    and   so  the   unusual  behaviour   of  the   fish 
will  be  analysed  by   digital   electronic   circuits  that    will 
trigger  off  an  alarm    situation. 

Another  alarm    situation  arises  when  the  trout    stays 
in  the   field  for  a  long  time.    In  ?ig.    1,    it    is  possible 
to    see   all  the   electronic   annaratus* s  functions.    Each 
photoelectric   barrier  comprises  8  receiving  and  trans- 
mitting channels  operating  in  a  multiplexer,    where  L.H. 
photoiodic  transmitters    (%  ■   940nm )   are   optically  coupled 
with  silicon  nhototransistors. 

The   photoelectric  barrier   A,    with   its   interrupt  ion, 
permits' the.  setting  up  of  the   electric   field,    and  the  ac- 
auisition   of  the  translation  memory  of  the   incursion   into 
the   area   defined  by  the   electrodes  (F.^.  2} . 

3y  means  of  a  parallel-series  transformation,   the 
bits      are   transferred  from    the    shift-register  to   a  meter 
and  then  analysed. 
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At  fixed  intervals  the  pulsating  circuit  emits  a 
train  of  impulses  ^hose  freouency,  duration  and  range 
may  be    changed. 

The   Photoelectric    c-rrier  B   and  a  monostable  multi- 
vibrator  collect   the    evidence   of  the   trout's  presence    in 
the    electric   field  for   a   longer   period  than   usual    (the 
trout's  total   inability  to  wove    or   its    death). 

The    above   remarks  refer  to   only   one    control   channel 
and   one   fish. 

In  order  to   avoid  alarm    signals   deriving  from   causes 
other   than  the   presence    of   toxic    substances   in  the    water 
(false   alarms),    the    system    comprises  three    channels    in 
the  complete   apparatus    (fig.    3). 

The    data  are   transmitted  by   optical  couplers  to   a 
network   vrith  A*m/OH   o^vrators. 

This   apparatus  may  be   planned   and    it    is   possible   to 
create   the   conditions  for  a  ^articular   alarm    situation 
on  the   basis   of    known   experiments   and  the    reouired    sen- 
sitivity. 

The    alarm    signals   are    transmitted  by  means   of   a  tele- 
communications vector   to   a   central   control   room    that    Mill 
trigger   off  th*  existing  emergency    system. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:   IT-06 

PROJECT  DESCRIPTION 


Project  Title: 
Level  and  Flow  Syphon  Device  in  a  Sand  Filtration  Plant 


Contact  (rame  of  person,  organization,  address,  telephone) 

A.M.G.A.  -  Via  Venezia  1  -  48100  RAVENNA 

Telex  583453  -  Telefax  0554/34761  -  Telefono  0554/39248 

Ing.  Luciano  Moruzzi  -  Manager 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

Most 

sand  filtration  plants  are  equipped  with  a  syphon  regulator  device 

that 

insures  a  constant  level  of  water  on  the  filter  by  modulating  as  the 

sand 

filters  become  clogged.  When  all  the  filters  are  working  in  parallel, 

the 

syphon  regulator  device  keeps  the  total  rate  of  flow  from  all  the 

flit 

=rs  more  or  less  constant  even  if  there  is  irregular  loading  of  each 

filt 

*r  unit.  Because  of  this  uneven  filtration  capacities  after  a  backwash 

sequence,  some  filters  become  prematurely  clogged.  In  order  to  prevent 

this 

uneven  filter  loading,  a  special  modulating  float  value  that  is 

hydraul ically  operated  and  diaphragm  actuated  has  been  developed.  It  is 

controlled  by  an  auxiliary  pressure  differentiated  of  approximately  2  bars 

through  a  pilot  circuit  that  includes: 

0 

one  modulating  flow  pilot,  mounted  outside  of  the  filter  tank  in  a 

stainless  steel  auxiliary  reservoir  connected  to  the  tank  by  means  of 

a  3  inch  stainless  steel  pipe. 

0 

one  modulating  stem  regulator  assembly  mounted  on  the  main  angle 

valve,  which  maintains  the  opening  degree  according  to  the  position  of 

the  flow  pilot  valve,  given  by  the  filter  tank  level. 

0 

two  solenoid  valves  which  can  be  deenergized  individually  to  close  or 

open  the  main  valve  completely;  in  normal  modulating  operation,  both 

solenoid  valves  are  energized. 

one  safety  solenoid  valve,  that  closes  tightly  the  main  angle  valve 
when  there  is  a  power  failure.  This  modulating  float  valve  provides 
an  accjrate  control  of  the  constant  head  loss  by  the  assembly  "filter- 
valve,"  which  in  its  turn  insures  a  constant  rate  of  flow  through  the 
filters. 
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Operating  ana  cost  data  (including  data  on  efficiency,  results,  etc.): 

The  plant  has  been  working  since  1984  with  no  problems. 

The  cost  of  each  unit  complete  with  regulating  and  operation  valves,  is 
approximately  30  millions  of  liras. 

Results  achieved  are  excellent  from  all  points  of  view.  The  plant  consist^ 

of  10  units. 


Place(s)  of  installation/application  (including  dates) 
Water  Treatment  Plant  by  A.M.G.A.  in  Ravenna 


Patent  staus,  if  applicable: 
Mo  patent. 


I 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 
See  display  material  to  be  available  at  the  conference. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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Code  #  Project  Title  Page  # 

JP-01         Studies  on  Biological   Activated   Carbon   Filter  JP-1 

Processes 

JP-02         Reduction  of  THM  and  Musty  Odor  by  Ozonation  and  JP-3 

Granular  Activated  Carbon  Treatment  With  Pilot  Plant 
and   Demonstration   Plant 

JP-03         Formaldehyde  as  a  Key   Index  During  Ozone  Treatment--  JP-5 

Investigation  on  the  Behavior  of  Formaldehyde  and 
the  Precursor  During  Ozonation 

JP-04         Detection  and  Evaluation  of  the  DNA  Damaging  Potential  JP-7 

of  Mutagens   in  the  Chlorinated  and   Ozonated  Waters  by 
The  Bacill us   Subtil  is    Rec-assay 

JP-05         Treatment   Study  of  the   Yodo  River  Water' Using  Submerged  JP-9 

Bioreactor  Combined  With  GAC  Filtration  and  Ozonation 

JP-06         Biotreatment  of  Lake  Water  JP-11 

JP-07         Purification  of  Polluted   Water  Resource  for  Supplying  JP-13 

Industrial    Process  Water  by  Biological    ana   Photo- 
Chemical    Treatment 

JP-08         Practical    Application  of  A.I.   in  Optimum  Water  Supply  JP-15 

System 


EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:     JP-Q1 

PROJECT  DESCRIPTION 


Project  Title: 


Studies  on  Biological  Activated  Carbon  Filter  Processes 


Contact  (name  of  person,  organization,  address,  telephone):       ~~ 

Yoshinori  KUROSAWA 

Department  of  Sanitary  Engineering,    The  Institute  of  Public  Health, 

Ministory  of  Health  and  Welfare 

4-6-1,   Shiroganedai,   Minato-ku,   Tokyo,    108  JAPAN 

S  03-441-7111 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

A  seiries  of  pilot  plant  experiments  were  conducted  to  evalute  the  per- 
formance of  biologically  activated  carbon(BAC)  filters  and  sand  filters  in 
removal  of  turbidity  and  organic  pollutants  in  raw  water.  The  plant  con- 
sisted of  flocculator  cell,  setting  cells,  three  columns  each  of  BAC 
filters  and  sand  filters,  coagulant  dosing^  equipment ,  and  manometer  appa- 
ratus. 

Turbidity  removal  was  satisfactory  both  in  BAC  filters  and  sand  filters, 
although  the  latter  did  slightly  better. 

The  BAC  filters  showed  much  better  ammonium  nitrogen  removal  rates  than 
the  sand  filters,  especially  when  the  water  temperature  was  low:  and,  when 
water  temperature  was  falling,  BAC  filters  maintained  satisfactory  removal 
rates  whereas  the  latter  lost  removal  function  at  the  temperature  of  10 
degrees  C. 

The  BAC  filters  demostrated  the  ablity  to  remove  pottasium  permanganate 
value(PV)  from  the  start  of  operation  while  it  took  some  30  days  of  con- 
tinuous run  before  the  sand  filters  acquire  removal  capability.  After  such 
time,  the  rate  of  PV  removal  was  at  60  to  70  %   with  the  BAC  filters  and  30 
to  60  I   with  the  latter. 

The  THMFP  and  T0XFP  removal  rates  by  the  BAC  filters  was  almost  100  %   at 
the  beginning  and  reduced  to  about  50  %   in  about  70  days.  Those  by  the 
sand  filters  was  10  to  15  %   throughout  the  study  period.  Although  the  re- 
moval rates  by  the  BAC  filters  declined  gradually,  even  after  180  days, 
the  rates  of  removal  of  THMFP  and  TOXFP  were  still  at  the  level  of  40  % 
and  50  *  respectively:  the  regeneration  property  of  the  BAC  filters  was 
thus  demostrated . 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 


PI 

ace(s)   of  installation/application 

(including 

date: 

>): 

Department 

of  Sanitary  Engineering, 

The 

Institute  of 

Public 

Health , 

Ministry  o: 

I  Health  and  Welfare 

20th  June, 

1983  started. 

Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions ,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:   JP-Q2 


Project  Title: 

Reduction  of  THH  and  Husty  Odor  by  Ozonation  and  Granular  Activated  Carbon 
Treatment  with  Pilot  Plant  and  Demostration  Plant. 


Contact  (name  of  person,  organization,  address,  telephone): 

Hisahiko  KIHURA 

Osaka  Municipal  Waterworks  Bureau 

6-28,   Hinami-ohgimachi,   Kita-ku,   Osaka,   530  JAPAN 

S  06-363-7300 


Project'Description  (Please  attacn  a  schematic  diagram  "if  "appropriate) : 

Osaka  Municipal  Waterworks  Bureau  established  the  first  pilot  plant (60 rn/d) , 
combining  various  treatment  processes  such  as  GAC  filtration  and  ozonation. 
Experiments  with  the  pilot  plant  had  been -carried  out  for  five  years  to  find 
out  useful  means  for  the  reduction  of  THM  and  musty  odor  in  tap  water. 

As  good  results  were  obtained  through  the  pilot  plant  studies,  new  demostrat- 
ion plant  was  established  to  study  the  condition  for  operation  and  mainte- 
nance, and  to  obtain  the  full-scale  design  criteria. 

The  capacity  of  the  demostration  plant  is  2,000  m/d.  It  consists  of  two 
series,  composed  of  rapid  sand  filters,  ozonation  basins,  GAC  filters  and 
chlorination  equipments,  which  are  to  receive  settled  water  and  to  treat  it 
at. the  rate  of  1,000  mVday  each. 

Experiments  with  the  demostration  plant  have  been  carried  out  since  April, 
1986. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

It  was  confirmed  that  the  process  of  ozonation  followed  by  GAC  filtration 
without  chlorination ,  nanely  the  biological  GAC  filtration,  is  capable  of 
removing  nearly  all  of  the  musty  odor  substances  and  reducing  the  THM  pre- 
cursors by  75  %. 

Total  cost  of  ozonation  and  GAC  are  estimated  to  be  about  20  US  cents/ nf. 


Place(s)  of  installation/application  (including  dates): 

The  pilot  plant  was  constructed  at  the  site  of  Kunijima  Water  Purification 

Plant. 

The  demost ration  plants  was  constructed  at  the  same  site  in  March,    1986. 


Patent  staus,  if  applicable: 

Not  applied  for  patent. 

Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 
Funding  source:   Ourselves. 


If  available  attach  descriptive  publications,  technical   literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:       ,|p-FR 


Project  Title: 

Formaldehyde  as  a  Key  Index  during  Ozone  Treatment 
— Investigation  on  the  behavior  of  formaldehyde 
and  the  precursor  during  ozonation — 


Contact  (name  of  person,  organization,  aadress,  telephone) 

Harumi  YAMADA  and  Saburo  MATSUI 

Laboratory  for  Control  of  Envrionmental  Micropollutants 

Faculty  of  Engineering,  Kyoto  University 

Yumihama.  Ohtsu,  520  JAPAN 

S  0775-24-6640 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

Since  halogenated  organic  compounds  have  been  detected  in  drinking 
water,  great  interest  has  been  directed  toward  the  identification  of 
the  products  of  chemical  oxidation  processes.  In  order  to  get  water 
treatment  processes  which  provide  safe  and  delicious  tap  water,  it  is 
necessary  to  have  knowledge  of  the  intermediate  and  end  products  form- 
ed during  ozonation. 

It  is  generally  known  that  ozonation  for  a  short  or  sufficient  long 
period  is  effective  in  reducing  mutagenicity,  but  incomplete  ozonation 
creates  compounds  which  show  more  mutagenicity  than  the  original. 

It  is  necessary  to  investigate  the  characteristics  of  intermediates. 

Carbonyl  compounds  are  formed  from  not  only  ozonation,  but  also  during 
hydrolysis  after  ozonation.  Glyoxal  and  metholglyoxal  decompose  during 
heating.  Formaldehyde  is  mutagenic,  not  easily  volatile  and  does  not 
easily  decompose  during  heating,  it  is  clear  that  the  existence  of 
formaldeyde  and  its  precursors  at  the  initial  stage  of  ozonation  can 
not  be  disregarded.  3ut,  formaldehyde  is  decomposed  by  ozone. 

Thus  it  is  the  key  target  of  this  project  to  investigate  the  relation- 
ship among  (A)  the  amounts  of  formaldeyde  and  the  precursor.  (B)  the 
other  significant  by-products  and  (C)  ozone  treatment  conditions. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 

Carbonyl  Compounds  and  the  precursors  of  carbonyl  compounds  which 
decompose  to  low  molecular  carbonyl  compounds  such  as  formaldehyde 
exist  in  ozonated  waters.  Their  behaviors  depend  on  water  quality  and 
ozone  treatment  conditions. 

We  have  already  developed  the  sensitive  analysis  method  of  carbonyl 
compounds  by  using  o-(2,3.4,5,6-pentaf luorobenzyl)hydroxylamine(PFBOA) 
derivant. 

We  need  to  buy  a  gas  chromatograph  with  ECD  and  cappilary  column -to 
investigate  unknown  compounds. 

Total  costs:  USS  30,000, (Gas  Chromatograph TShimazu  GC-14APEscJ  514,000, 
Labor  cost  $9,000  and  Miscellaneous  cost  $7,000) 
Project  period:  2  years 


Place(s)  of  installation/application  (including  dates): 


The  work  is  being  done  at  Laboratory  for  Control  Environmental 
Micropollutants,  Faculty  of  Engineering,  Kyoto  University 


Patent  staus,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

Cooperating  agency:   Water  Examination  Laboratory  of 

Osaka  Waterworks  Bureau 
(Demostration_ plant  of  ozonation  and  GAC  treatment) 


If  available  attach  descriptive  publications,  technical   literature, 
manufacturers'    specifications,  patent  descriptions,  etc.- 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:   JP-Q^ 

PROJECT  DESCRIPTION 


Project  utie: 

Detection  and  Evaluation  of  The  DNA  Damaging  Potential  of  Mutagens  in 
The  Chlorinated  and  Ozonated  Waters  by  The  Bacillus  Subtilis  Rec-assay 


Contact  (name  of  person,  organization,  address,  telephone) 

Saburo  MATSUI  and  Harund  YAMADA 

Laboratory  for  Control  of  Environmental  Micro  pollutants 

Faculty  of  Engineering.  Kyoto  University 

Yumiharaa,  Ohtsu,  520  JAPAN 

S  0775-24-6640 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

In  order  to  detect  and  evalute  the  risk  of  mutagens  and  carcinogens  in 
chlorinated  and  ozonated  tap  vaters,  it  is  a  crucial  matter  for  the 
water  industry  to  develop  a  scientifically  reasonable  and  technological- 
ly practical  method  to  meet  the  problem. 

The  Ames  method  to  detect  mutagens  is  a  most  popular  test  method  employ- 
ed in  the  field  of  environmental  mutagens.  However,  this  method  has  many 
limitations  such  as  no  detection  of  THM  as  well  as  many  other  chlorinat- 
ed organic  substances  resulted  in  poor  correlation  with  carcinogenecity 
of  those  chlorinated  organic  substances. 

We  have  developed  the  Bacillus  subtilis  liquid/microsome  rec-assay 
system  for  detection  of  DNA  damaging  potential  of  substances  in  waters. 

By  this  method,  we  succeeded  in  the  detection  of  DNA  damaging  potential 
of  THM  as  well  as  other  many  chlorinated  organics.  Many  aldehydes  of 
ozonated  products  also  indicated  DNA  damaging  potential  by  this  method. 
Application  of  this  method  to  polluted  waters  such  as  river  waters,  muni- 
cipal waste-waters,  nightsoil  treatment  plant  waters  all  indicated 
occurence  of  DNA  damaging  substances  in  those  samples.  However,  in 
order  to  apply  this  method  for  the  real  tap  water  samples,  it  is  neces- 
sary to  improve  this  method  in  several  aspects  including  the  development 
of  stable  pretreatment  for  concentration  of  sample  waters  and  analysis 
of  the  result  in  terms  of  the  risk  assessment  with  other  information  of 
water  samples  etc..  The  B.  subtilis  rec-assay  is  not  a  difficult  tech- 
nique to  practice  in  the  routine  works.  Information  of  this  method 
covers  the  weak  point  of  the  information  by  the  Ames  method. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 


We  need  to  improve  this  method  by  application  to  many  real  samples  of  tap 
waters  which  are  produced  by  chlorination  and  ozonation  with  activated 
carbon  process.  The  project  cost  consists  of  labour-fee  US$  10,000,  pur- 
chase of  instruments  and  glasswares  of  sample  concentration  US$  10,000  and 
micellanous  items  including  chemicals  US$  10,000. 
The  total  cost  USS  30.000  for  2  years. 


Place(s)  of  installation/application  (including  dates): 


Laboratory  for  Control  of  Environmental  Micropollutants 
Faculty  of  Engineering,  Kyoto  University 
Ohtsu  City,  Japan 


Patent  staus,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 


Cooperating  agency:  Water  Examination  Laboratory  of  Osaka  Water  Works 

Bureau 
(Demostration  plant  of  Ozonation  and  GAC  treatment) 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:       JP"05 


Project  Title: 


Treatment  Study  of  the  Yodo  River  Water  using  Submerged  Bioreactor 
combined   with  GAC  filtration   and  Ozonation 


Contact  (name  of  person,  organization,   address,  telepnone): 

Masami  YAMAMOTO 

Water  Supply  Division,   Department  of  Waterworks, 
Osaka   Prefectural  Government 
2-22,    Tanimachi,   Higashi-ku,   Osaka,    540  JAPAN 
S  06-941-0351 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

Haw  water,  the  Yodo  River  surface  water,  Japan,  has  deteriorated  in 
recent  years.  Therefore,  the  finished  water  made  with  such  raw  water 
is  not  delicious  aod  may  contains  many  organic  substances. 

The  purpose  in  the  study  was  to  comprehend  effects  of  the  eliminating 
of  an  ammonia-nitrogen,  musty  ordor  substances,  TTHM  precursor  and 
other  organic  pollutants  by  the  advanced  purification  technology.  In 
the  study,  we  used  a  pilot  plant  having  bellow  processes. 

Raw — Biological  treatment — Coagulation — Sedimentation — 
Rapid  sand  filtration — Ozonation — GAC  filtration — 
Postchlorination — Finished  water 

Biological  treatment  is  carried  out  by  the  Submerged  Bioreactor(SBR) 
'  shown  as  the  figure.  Polypropylene  tubes  like  a  honeycomb,  which  is 
called  Honeycomb  Tube,  is  installed  in  the  SBR  basin,  and  air  diffuser 
is  set  under  the  Honeycomb  Tube.  Raw  water  led  in  the  SBR  basin  is  re- 
cycled by  aeration.  During  that  time,  it  is  purified  by  micro  organism 
adhered  on  the  inside  wall  of  the  honeycomb  tube. 


input 


•  alu(Ii:« 


honcyctunb   tub* 
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Operating  and  co"st~data  (including  data  on  efficiency,  results,  etc.) 

The  pilot  plant  test  was  carried  out  at  flow  rates  of  33-45 m/day. 

Other  conditions  are  summarized  bellow. 

SBR  basin:  Recycle  velocity  3m/iain.,  Load  of  water  volume  0.13-0.17 

in/ m/day.  Retention  time  100  min. 
GAC  column:  LV  15m/hr.  down  flow.  Height  of  GAC  bed  1.4  m 
Ozonation  column:  Ozone  dosage  is  1-3  g/m 

The  results  obtained  in  the  study  are  shown  bellow. 

-  Ammonia  nitrogen  were  eliminated  by  75  %   in  winter  and  by  85  %   in 
other  seasons  by  the  SBR  only.  "* 

-  Musty  odor  substances  such  as  geosmin,  2-methl-isoborneol  were 
eliminated  by  50-80  %   by  the  SBR  only. 


Place(s)   of  installation/application  (including  dates): 


The  study  was  conducted  at  Niwakubo  Purification  Plant  which  intakes 
surface  water  of  the  Yodo  River,  which  flow  through  Osaka  Prefecture, 
from  1985  to  1987. 


Patent  staus,  if  applicable: 


Other  information  (e.g.,   funding  source,  cooperating  agencies,   etc.) 


Cost  of  the  Study:   ¥  33,500,000 


If  available  attach  descriptive  publications,  technical   literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:      JP-06 


Project  Title: 


Biotreatment  of  Lake  Water 


Contact  (name  of  person,  organization,   address,   telephone) 


Yuichi  FUCHU  and  Shigeo  YASUTAKE 
EBARA   Resarch  Co., Ltd. 
4-2-1,    Honfugisawa,   Fujisawa,    251   JAPAN 
S  0466-81-1121 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

In  recent  years,  we  see  a  significant  number  of  resarch  projects  carried 
out  on  biotreatment  of  water  for  supply  system.  This  trend  is  a  conseque- 
nce of  a  growing  demand  for  technological  improvement  in  watertreatment 
plant  processes,  particularly  for  pollutant  control  to  ensure  a  supply 
of  hygienically  pure  potable  water  to  the  ever-incresing  urban  and  city 
population. 

The  authors  of  this  paper  have  conducted  studies  on  the  submerged  filter 
used  for  contact  aeration  and  the  biological  aerated  filter (BAF) used  for 
biological  filtration,  for  objecting  to  clarify  some  biotreatment  chara- 
cteristics in  treating  potable  water. Experiments  utilizing  a  pilot  plant 
were  conducted  over  a  period  of  approximately  one  year. 

This  paper  discusses  data  obtained  throughout  four  seasons  which  include: 
reduction  features  of  odor,  ammonia  and  THM  formation  potential,  and  the 
purification  effects  in  submerged  filter. 

The  dimensions  of  the  pilot  plant  are  shown  on  Table  1. 

Table  1  Dimension  of  Pilot  plant 


"" — ■ — —  _               Hathod 
Ites                                      ^ 

Submerged  Filter 

BAF 

Type  I 

Type  II 

Size 

0.5raw  x  1.7m1- 
x  2.3raH 

O.Sra"  X  1.7mL 
x  2. Em" 

'    <t>  0.4rax   5mM 

Media  Vol  use 

Lid 

i-lrrf                         0.25*1" 

Xlnd                   i    Honeyccab  tube 

Koneycoab  tube               Anthracite 

Media     Opening  or  Panicle  size  |       Opening  Jaa 

Openirj:  In         j  Particle  3—E  as 

Specific  suffice                 272  nf/al 

272  rrVn?                 UOOrnVrrf 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

As  for  removal  of  2-MIB,  GMS  and  NH^-N,  a  trend  exists  where  there  is  a 
dependency  on  the  loading  rate  per  surface  area  unit  of  adhereded  bio- 
logical film.  As  for  the  THM  formation  potential,  there  was  no  trend  of 
dependency  on  the  loading  rate  per  surface  area  and  the  removal  rate  was 
found  to  be  0~30  X. 

After  conducting  a  feasibility  study  centered  on  the  biotreatment  of  100, 
000  m/day,  it  was  found  that  there  was  no  difference  in  the  initial 
cost  according  to  by  method (approx.  2-2-5  billion  yen).  As  for  the  runn- 
ing cost  of  aeration,  the  cost  of  running  the  submerged  filters  dame  to 
0.9  yen/m  and  that  for  running  the  BAF  came  to  0.4  yen/n?. 


Place(s)  of  installation/application  (including  dates): 

Location:    Kasumigaura.   Ibaragi  Prefecture 
Period:   from  Dec.    1986  to  Nav.    1987 


Patent  staus,   if  applicable: 

Title:   Biological  Filter  . 

JP  Utility  Model   Reg.    Na    1656076 

Inventor:   Yuichi  FUCHO,   Yoshiro  HAYASHI 

Assignee:    EBARA-INFILC0  Co.,   Ltd.   Tokyo.   JAPAN 


If  available  attach  descriptive  publications,  technical   literature, 
manufacturers'   specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:       JP-07 


Project  Title: 

Purification   of  Polluted   Water  Resource  for  Supplying   Industrial 
Process  Water  by   Biological  and  Photo-chemical   Treatment 


Contact  (name  of  person,  organization,  address,  telephone) : 
Michio  HIROSE 
TORAY  Engineering  Co., Ltd. 

3-4- IS (Mitsui   Na2  Bid.).   Nakanoshima .   Kita-ku,   Osaka,   530  JAPAN 
3  06-448-5151 
Gennosuke  INOUE 
Water  Re-Use  Promotion  Center 
2-3-4.   Akasaka,   Minato-ku,   Tokyo,    103  JAPAN     S  03-583-9431 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate 

net   ^H1"^31  C°nt*Ct .°*idation  *«   »*ed  vertical   net   layer   such  as  fish- 


Reservior 


-*|  Sedimentation 


Objectives  of  Treated 
Water  Quality 

CODMn  <  2.0  mg/  B 
SH4-H  <  1.0mg/fl 
SS       <   1.0mg/£ 


Biological 
Contact  Oxidatior 


— >|  Coagulation \  Filtration  ■ 


Photochemical 
Oxidation 


9  =  2hrs 


Average  Raw   Water  Quality 


Summer 

6 
2 


Winter 
9 
5 
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Operating  and  cost  data  (including  aata  on  efficiency,  results,  etc.) 


1.  Case  study  (based  on  test  operating  data) — 50,000m/day 
-Initial  cost:    1.7 (Billion  Yen) Upgrading 

4.0(Billion  Yen) Newly  construction 

-Running  cost:    l.l(Yen/m) in  Summer 

8.4(Yen/n?) in  Winter 

2.  Adaptability  testing 

Good  adaptability  for  dyeing  and  electro-plating 
Process  was  confirmed. 


Place(s)   of  installation/application  (including  dates) 


Bench-scale  test  was  done  during  1982  and  Pilot-scale  plant  was  operat- 
ed during   1983~1984  at  Tamagawa  Purification  Plant,   Tokyo  Water- 
works Bureau. 


Patent  staus,  if  applicable: 

Title:    Wastewater  Treatment  Appratus (Biochemical  contact  oxidation) 
JP  Patent  Nalll3575( 1981-22598) 

Title:    Water  Treatment   Method  and  its  Aprratus (Photochemical  oxidation) 
JP  Patent  Nall43715( 1977-22598) 


Other  information  (e.g.,   funding  source,  cooperating  agencies,  etc.) 


This  project  was  carried  as  one  of  the  tasks  of  Water  Re-Use  Promotion 
Center  and  supported  by  Japanes  Bicycle  Promotion  Association. 


If  available  attach  descriptive  publications,  technical   literature, 
manufacturers'    specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  -AWWARF  Code  #:       JP-Q8 

PROJECT  DESCRIPTION 


Project  T"itl  e: 


Practical  Application  of  A.I.   in  Optimum  Water  Supply  System 


Contact  (name  of  person,  organization,  address,  telephone): 

Haruo  ITOH  and  Masanori  M0RIM0T0 

Water  Treatment  Dept.  I  ,  Technical  Coordination  Div. 

Fuji  Electric  Co., Ltd. 

1-12-1,  Yurakucho,  Chiyoda-ku,  Tokyo,  100  JAPAN 

2  03-211-7111 


Project .Description  (Please  attach  a  schematic  diagram  if  appropriate) 

A  mathematical  programming  method  for  an  optimum  water  supply  system  is 
already  being  put  to  use. 

However,  covering  all  variable  factors  that  may  occur  on  a  large  scale 
system,  such  as  accidents,  stoppage  of  equipment  and  expansion  of 
facilities,  is  nearly  impossible.  On  the  other  hand,  the  experienced 
operator  covers  all  the  variables  of  the  complex  water  system 
operations  manually  in  a  satisfactory  manner.  Additionally,  there  are 
contradictory  factors  to  the  target  function  of  the  mathematical 
programming  method  and  there  is  need  to  place  importance  on  each  of 
these  individual  factors  but  it  has  been  not  possible  to  clearly 
define  them  into  one. 

Therefore,  a  basic  plan  using  the  mathematical  programming  method  and 
placement  of  the  factors  in  order  of  importance  was  specified. 

An  operational  system  applying  A.I.  expert  knowledge  for  handling 
operation  under  abnormal  operational  conditions  such  as  accidents, 
was  developed.  In  order  to  handle  the  water  supply  system  for  a  large 
area,  a  partial  system  to  be  used  as  a  prototype  is  being  put  into 
application.  The  configuration  of  the  expert  system  is  shown  in  the 
attached  illustration. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 

Power  consumption  of  pumpj-for  water  reservoirs  connected  in  series  are 
shown  in  the  diagram. 
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Place(s)  of  • 

i nstal 1 ati  on/ appl  i  cat i  on 

(inc 

luding 

dates): 

' 

Water  supply 

control  computation  system  at 

Kobe  water  supply 

system(1988) 

Number 

of  transmission  tunnels  :• 

11 

Number 

of  reservoirs          : 

90 

• 

Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 


Joint-development  organization,  Kobe  City  Waterworks  Bureau. 

In  the  future,  the  pump  and/or  the  control  valve  will  be  switched  over 

from  operator  guidance  to  full  automatic  control. 


If  available  attach  descriptive  publications,  technical   literature, 
manufacturers'    specifications,  patent  descriptions,  etc. 

JP-16 


~\Edit  of 

Display 

/  knowleage  base 
T 


DisdI ay 


Ejolanation  of 
i  nf erence   procei 


Knowledge  application  control    calculations 


y 

Kncwi esge 
L  .  ,    ._ 

ed 
I 

tor 

B I  ackboard 
—* 


Know!  edge  base 


cxd  I anat  i on 
f unct  i  on 


J 

t:-l 


[nf erence  engine 


Inference  check 


EIXAX 


Process  data 
file 


Demand 

forecasting 

package 


Dynamic 
program  i  ng 

method 
package 


Liner 
programing 

method 
package 


<^ 


Demand  forecasting 


Display  ]  display 

CAM    city  reservoirs) 


Display 


Water    inf  I  cw  pic, 

d  i  so  I  ay 


Figure  1  Water    supply   and . d i str ibut i on    line  network   expert   system 


JP-17 


NETHERLANDS 


THE   NETHERLANDS 

Code  #  Project  Title  Page  # 

NE-01         Ultraviolet    (UV)   Disinfection  of  Drinking  Water  NE-1 

NE-02         Removal    of  Nitrate  by  Slow  Sulphur/Limestone  Filtration  NE-3 

NE-03         Experiences  With  UV-Disinfection  of  Drinking  Water  in  NE-11 
the  Netherlands 


EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  ♦:    NE-01 

PROJECT  DESCRIPTION 


Project  Title; 


Ultra  violet  (UV)disinf ection  of  drinking  water 


Contact  (name  of  person,  organization,  address,  telephone) 


Dr.  J.C.  Kruithof. 
KIWA  N.V. 

P.O.  Box  1072 

3^30  BB   RIJSWIJK 

The  Netherlands   (Telephone)  03402  -  60  8  60 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

For  post  disinfection  purposes  either  chlorinegas  or  sodium 
hypochlorite  is  added  to  the  water.  This  addition  causes  a  rise 
in  the  concentration  of  THM ' s  and  high  molecular 
organohalogens .  'Besides  a  rise  of  the  mutagenicity  in  the 
Ames  test  is  noticed. 

For  some  water  types  with  a  low  content  of  biodegradable 
compounds  there  is  no  need  to  maintain  a  post  chlorination. 
However.  especially  after  GAC- f il tration  as  the  final 
treatmentstep  the  colony  counts  in  the  finished  water  may  be 
relatively  high.  UV-disinf ection  is  investigated  as  an 
alternative  post-disinfection  step  to  reduce  these  colony 
counts . 

Experiments  on  pilot  plant  scale  showed  that  UV-disinf ection 
produced  drinking  water  which  meets  all  the  bacteriological 
standards.  Therefore  th«  project  is  continued  at  a  full  scale 
base.  In  these  experiments  the  effect  of  UV-disinf ection  with 
low  and  medium  pressure  UV-burners  is  investigated.  Knowledge 
is  gained  about: 

-  The  disinfection  properties  of  both  systems 

-  The  required  UV-dosage 

-  Potential  side  effects 

-  Handling 

-  Costs 

At  this  moment  about  one  year  full  scale  experience  is 

available. 
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Operating  and  cost  data  (Including  data  on  efficiency,  results,  etc.) 

Drinking  water  which  meets  all  bacteriological  requirements  can 
be  produced  from  GAC-filtrate  with  high  colony  counts  with  both 
UV-disinfectors.  When  necessary  a  more  than  1000  fold  reduction 
of  PCA  22  °C  can  be  achieved.  The  required  UV-dosage  proves  to 
be  about  12  mJ/cm1 . 

To  characterize  the  side  effects  the  assimilable  organic  carbon 
(AOC)  content  and  the  mutagenicity  in  the  Amestest  have  been 
determined.  Both  parameters  are  not  increased  by  UV-disin- 
fection.  For  that  reason  UV-disinf ection  does  not  cause 
regrowth  in  the  distribution  system  and  does  not  produce 
mutagenic  compounds.  The  apparatus  for  UV-disinfection  can  be 
handled  easily.  The  major  drawback  is  the  monitoring  of  the 
UV-dosage.  The  costs  of  the  total  UV-disinfection  step 
(depreciation,  maintenance,  energy  consumption)  proves  to  be 
about  fl  0.010  -  f  0.015  per  m>    of  drinking  water. 


Place(s)  of  installation/application  (including  dates) 


Waterworks  of   North  West  Brabant,   treatment  plant  of 
Zevenoergen-Ocj**}). 

Additional  investigations: 

Waterworks  "D*  Alblasserwaard  &  Vi jfheerenlanden"  treatment 

plant  of  Hardinxveld  (1983) 

Municipal  Waterworks  Maastricht,   treatment  plant  De  Tombe 
(1985). 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

The  research  at  Zevenbergen  is  funded  by  the  Netherlands 
Waterworks  Association  (VEWIN)  together  with  the  Waterworks  of 
Nor the  West  Brabant.  All  other  research  is  funded  by  VEWIN 

only. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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AWWARF  Code  *: 


NF-n? 


EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 

Removal  of  Nitrate  by  Slow  Sulphur/Limestone  Filtration 

J.  C.  Schippers  and  J.  C.  Kruithof.  KIWA  N.  V.,  2280  AB  Rijswijk,  The  Netherlands 

F.  G.  Mulder.  Gelderland  Eastern  Water  Supply  Company,  The  Netherlands 

J.  W.  van  Liesh'Diit,  Water  Laboratory  of  the  Eastern  Netherlands  Waterworks,  The  Netherlands 


\tmtrma:  Slow  sulphur-limestone  filtraiior.  aims  10  be  a  simple  and  reiiawe  process  for  the  removal  of  nitrate  rrom  srouno- 
water.  In  this  process  mtraie  is  removed  in  in  uptlow  Titter  containing  sulphur  and  limestone  with  help  of  the  bacterium 
Tluobaciiius  drmmhcsru  The  filter  operates  at  a  rate  of  0  25  m/h  which  implies  that  bac*  washing  a  not  required 

Before  the  ucnitnficauon  process  suits  the  oxygen  and  nitrogen  of  the  water  is  removed  with  a  vacuum  deacrator  as  these 
aim  pounds  dmuiti  tne  orocess.  After  the  denitrmcauon  (he  water  is  aerated  and  infiltrated  m  the  son .  in  order  to  remove  bac- 
teria, bnoetraoabtc  matter  and  turbidity. 

Recently  a  demonstration  plant  wim  a  capacity  of  35  mJ/h  has  been  put  in  operation. 

Elimination  du  nitrate  avec  la  filtration  lente  au  soufre-maerl 

■sSawaa*  La  filirauon  lente  au  soufre-maerl  est  un  procrde  simole  et  fiable  pour  eliminer  les  nitrate  Oes  eaui  souterraincs.  Dans 
«  procede  le  nitrate  est  enleve  dans  un  filtre  a  courani  ascendant  compose  dun  melange  de  soufre  et  de  calcaire  par  la  baciene 
Thiobeailut  dtmmficaru   Une  lavage  du  filtre  n  est  pas  necesiaire.  parts-  que  la  Vitesse  de  liltrauon  est  U.25  m/h. 

Pour  enter  une  interference  dans  le  procede  loxygene  et  I'azote  sont  elumnes  oar  un  degueur  a  viae  avant  la  demtnfication 
Apres  la  dcniinhcation  leau  est  acre*  et  infiltree  oans  le  sol  pour  eliminer  les  banenes.  les  elements  owdegraaables  et  la  tur- 
bidite. 

Les  premiers  etuis  pratiques  ont  commence  recemment  avec  une  installation  de  demonstration  dune  capacite  de  35  itrVh. 


lntrwtiictioa 

At  many  groundwater  catchment  areas  the  nitrate  concentra- 
tion in  the  water  is  showing  a  definite  increase.  The  Maximum 
Acceptable  Concentration  of  50  ma  nitrate  per  lure  laid  clown 
in  the  Dutch  Dnnting  Water  Act  has  already  been  reached  at 
two  such  catchments  areas. 

The  main  cause  of  rising  nitrate  concentrations  in  the 
Netherlands  ts  excessive  use  in  agriculture  of  animal  manure. 
Besides  this,  normal  fertilizing  with  manure  and  artificial  fer- 
tilizers, acid  rain  and  leaking  sewer  systems  also  contribute  to 
the  nitrate  problem 

It  is  anticipated  that  in  the  near  future  problems  will  anse  in 
some  80  out  of  the  total  number  of  220  groundwater  catchment 
areas. 

This  problem  is  not  confined  to  the  Netherlands.  Our 
neighbouring  countries  are  also  faced  with  nstng  nitrate  con- 
tents in  groundwater  and  surface  water,  wniie  outside  Europe 
the  problem  is  just  as  serious.  In  (act.  the  steady  nse  ol  nitrate 
content  in  groundwater  and  surface  water  is  now  a  threat  to 
drinking  water  supply  :n  more  and  more  parts  of  the  world  ana 
corrective  measures  are  obviously  needed  as  a  matter  of 
jrgency  Any  drastic  restriction  on  the  (excessive  I  fertilizing  of 
jgncultural  land  in  the  Nettierlands  is  stoutly  resisted  bv  tne 
tanning  sector.  In  the  present  social  climate  u  is  unrealistic  to 
ixpect  any  worthwhile  limitation  on  oveneniliztng  in  the  short 
terra. 

Moreover,  any  drastic  reduction  in  overferttlizing  would 
take  several  years  to  lower  ihe  nitrate  content  in  the  extracted 
groundwater.  The  fact  is  that  by  the  time  it  reaches  the  extrac- 
tion wells,  groundwater  has  generally  had  an  average  under- 
ground residence  time  of  several  years.  This  situation  forces 
waterworks  to  consider  ways  and  means  for  assuring  the  qual- 
ity of  their  drinking  water  in  the  immediate  future.  Tne  possi- 
ble options  are: 

—  fo  impose  restrictions  on  Dvertenilizing  in  protcciine  zones 
of  the  groundwater  catchment  area: 

—  to  abstract  water  from  mother  groundwater  catchment 
jrea  or  to  mix  water  having  a  high  nitrate  content  with  nit- 
rate-tree water  that  would  have  to  he  brought  trom 
elscwnere: 

—  to  produce  drinking  water  trom  surtace  water 


However,  these  measures  are  feasible  tn  only  a  few  situa- 
tions. Consequently,  the  waterworks  have  in  manv  situations 
no  alternative  but  to  remove  the  nitrate  from  the  drinking 
water. 


Prutmu  into  the  removal  of  nitrate 

A  wide  range  of  physico-chemical  and  biologiczl  processes  are 
currently  being  developed  for  the  removal  o:  nitrate  from 
drinking  water.  Biological  Jenimfication  processes  specifi- 
cally remove  nitrate  from  drinking  water  while  their  phvsico- 
chemtcai  counterparts  are  less  specific  and  mav  therefore  also 
remove  other  inorganic  substances. 

Phvstco-themical  processes 

Ion  exchange  and  reverse  osmosis  are  proven  techniques  for 
removing  inorganic  salts.  The  most  serious  drawback  to  these 
techniques  is  the  production  of  effluents  in  the  form  of  bnne 
whose  disposal  is  often  difficult  so  that  these  techniques  are 
less  commonlv  used.  Evaporating  the  water  from  the  bnne  to 
leave  the  salts  in  solid  form  is  too  costly  ana  complicated  a  pro- 
cess to  be  worthwhile. 

3ioiogKal  purification  of  the  resenerant  solution  used  in  ion 
exchange  with  sav  methanol  promises  an  appreciable  reduc- 
tion in  tne  amount  of  bnne  that  has  to  be  discharges. :  Still,  this 
method  has  tne  disadvantage  of  being  rather  complicated. 

A  combination  of  cation  and  anion  exchange  with  the  dual 
aim  of  softening  and  nitrate  removal  enables  regeneration  to 
be  earned  out  with  carbon  dioxide.  This  too  can  minimize  the 
uuantitv  of  bnne  produced.3 

However,  anion  exchange  involves  tne  nsk  of  quaternary 
ammonium  compounds  entenng  the  treated  water.  Since  these 
compounds  are  suspect  from  the  standpoint  of  public  health. 
the  problem  clearly  aemands  caution  and  attention. 

Bioiopcai  denanflamon 

titrate  can  be  convened  to  nitrogen  ov  bactena  in  anaerobic 
conditions.  Heterotrophic  lactena  conven  nttrate  bv  making 
use  of  organic  substances  such  us  methanol,  ethanof  and  acetic 
jcid.  The  denttntication  -with  methanol  orocceds  according  ;o 
■■he  following  reaction: 
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5  CH,OH  +  6  NO,  —  5  HCOi  *  OH"  *  7  H,0  +  3  N3. 

Autotrophic  bactena  make  use  of  inorganic  substances  like 
hydrogen  and  sulphur  as  their  energy  source.  Demtnficaiion 
with  hydrogen  follows  the  reaction: 

5  Hj  +  2H*  +  2  NO]  —  N.  *  6  H:0. 

In  both  processes  oiomass  is  produced  as  well  as  inorganic 
substances. 

Autorrophic  and  heterotrophic  bactena  both  need  phos- 
phate as  an  essential  element  for  their  growth.  In  laboratory 
conditions  the  demtnficaiion  processes  present  no  problems 
but  linle  expenence  has  yet  been  gained  on  their  practical  ap- 
plication. There  are  at  present  in  Europa  only  a  lew  demonst- 
ration installations  where  such  practical  expenence  is  being 
obtained.  Various  process  versions  arc  being  tested  in  these  in- 
stallations, namely: 

—  fluidized  bed  (with  methanol) 

—  fixed  bed  with  ethanol  and/or  acetic  and  downflow 

—  fixed  bed  with  ethanol  upflow 

—  floating  bed  with  ethanol  upflow 

—  profiled  lamellae  (with  hydrogen). 

The  aim  of  these  process  versions  is  to  create  within  a  limited 
space  a  large  sutace  tor  adherence  of  bactena.  At  the  same 
time  the  flow  conditions  in  the  system  are  adjusted  sucn  that 
the  mass  transfer  shall  take  place  sufficiently  fast.  These  tech- 
niques have  vanous  drawbacks,  namely: 
(ai  they  are  complicated  compared  to  the  processes  generally 

employed  in  groundwater  pumping  stations,  e.g.  aeration 

and  rapid  filtration'. 
(b)  the  denitnfied  water  generally  contains  biodegradable 

matter  in  the  form  of  btomass.  thus  demanding  intensive 

post-treatment. 
An  alternative  to  demtnficaiion  in  a  treatment  plant  is  the 
removal  of  nitrate  in  situ.  ic.  in  the  soil.  This  process  is  in  pnn- 
ciDie  free  from  the  aoovememioned  drawbacks.  It  is  also  com- 
paratively cheap.  Full-scale  investigations  earned  out  bv  the 
Gelderland  Eastern  Water  Supply  Company  and  others  have 
■hown  that  the  iniection  well  cmploved  soon  becomes  clogged 
bv  bacterial  growth."  This  means  that  the  technique  will  onlv 
be  technically  possible  once  the  clogging  problem  has  been  sol- 
ved. Furthermore,  with  soii  protection  in  mind,  the  govern- 
ment views  the  use  of  this  technique  with  a  rather  jaundiced 
eye. 

Reviewing  the  available  techniques  tor  removal  of  nitrate,  it 
is  apparent  that  none  have  vet  proved  simple,  reliable  and 
cheap  in  practical  application  over  a  reasonably  long  penod  ot 
time. 

Choice  of  process  and  location  of  investigation 

Small  groundwater  pumping  stations  arc  mostly  unmanned. 
generally  rather  basic  and  otten  of  limned  capacity.  For  re- 
moving nitrate  trom  the  groundwater  bandied  bv  these  pumo- 
ing  stations  it  is  therefore  cleartv  preferable  to  use  simple  pro- 
cesses requinng  little  supervision.  Consequently,  process 
selection  and  conduct  of  expenments  is  always  geared  to  the 
need  for  the  process  to  be  suitable  for  practical  application  at 
such  pumping  stations. 

After  thorough  evaluation  ot  possible  processes  for  the  re- 
moval of  nitrate  trom  groundwater,  it  was  concluded  that 
biological  denitnftcation  in  a  fixed  bed  with  sulphur  and  lime- 
stone is  in  pnnciple  simple,  reliable  and  reasonably  cheap.'" 

The  version  chosen  for  this  process  is  comparable  to  slow 
sand  filtration.  A  further  requirement  was  that  a  simple  secon- 
Jarv  treatment  must  suffice  to  remove  btomass  irom  the  denit- 
rified water 

•\>  ^ulpnate  is  lormed  .is  a  »idcprouuct  the  use  ot  the  sul- 
pnur/limestone  process  is  restricted  to  pumpine  stations  where 


the  sulphate  content  of  the  raw  groundwater  is  low  enough  for 
the  sulphate  standard  not  to  be  exceeded  after  demtnficanon. 
The  Dr  J.  H.  van  Heek  pumping  station  belonging  to  the- 
Gelderland  Eastern  Water  Supply  Company  meets  this  re- 
quirement and  it  was  therefore  decided  that  this  should  be  the 
site  for  a  preliminary  investigation  into  the  feasibility  of  the 
process. 

The  sulphur/ limestone  process 

Principle 

Autotrophic  bactena  like  Thtobacillus  denttrificarts  are  capa- 
ble of  convening  nitrate  to  nitrogen  in  the  presence  of  elemen- 
tary sulphur  according  to  the  following  reaction 

5S  -  6NO]  +  2H;0— 3N;  +  5  SO}"  +4H*. 

Beside  the  inorganic  substances  nitrogen,  sulphate  and  hyd- 
rogen ions,  btomass  is  also  formed. 

55  S  +  50  N07  +  38  H,0  +  20  CO:  +  4  NHI  — 

4  C,H,0:N  »  25  N;  +  55  SO;'  +  64  FT . 

Demtnficaiion  is  accompanied  bv  the  formation  of  hydro- 
gen ions  which  lowers  the  pH  value.  However,  for  optimal 
bactenal  action  the  pH  should  preferably  be  between  b .4  and 
6,8  and  neutralization  is  therefore  necessary. 

For  this  purpose  limestone  granules  are  added  to  the  sulphur 
to  maintain  the  pH  level  dunng  the  process.  A  lot  of  work  in 
this  field  has  been  done  by  Martin  and  co-workers" '  working 
with  a  fixed  bed  of  limestone  and  sulphur.  Laboratory  scale  ex- 
penments performed  at  a  filtration  rate  of  1  m/h  yielded  very 
promising  results  but  practical  application  calls  for  further  in- 
vestigations. 
1 

Pilot  plant  expenments  1  phase  1 1 

The  following  preconditions  were  laid  down  for  the  pilot  plant 
expenments: 

—  Sutwrsaturation  with  nilroaen.  with  consequent  formation 
01  nitrogen  bubbles  in  the  bea.  should  be  countered. 

—  The  loss  of  active  biomass  through  baekwashing  of  the  sul- 
phur/limestone bed  should  be  avoided. 

—  The  biomass  and  other  biodegradable  matter  present  in  the 
denitnfied  water  should  be  removable  by  infiltration  into 
the  soil. 

In  this  senes  ot  pilot  piant  expenments  nitrogen  supersat- 
urauon  was  countered  bv  providing  a  positive  head  of  50  kPa. 
At  a  later  stage  supersaturation  was  prevented  bv  deaerating 
(he  untreated  groundwater. 

L'pflow  nitration  is  applied  in  order  to  make  it  easier  for  the 
nitrogen  bubbles  to  escape  assuming  that  this  formation  of 
these  buobles  cannot  be  completely  prevented 

Another  no  less  imponant  argument  in  favour  of  upflow  filt- 
ration is  to  prevent  the  introduction  ot  nitrogen  and  oxygen 
into  the  water. 

The  (titration  rate  selected  was  0.5m/h  (the  rate  used  in  slow 
sand  filters  1  This  decision  was  conditioned  by  the  fact  that 
Martin  s  results  had  been  not  entirelv  satisfactory  at  a  rate  of  1 
m/h  at  which  regular  baekwashing  of  the  filter  bed  also  appears 
to  have  been  important. 

A  combination  ot  a  lower  filtration  rate,  omission  of 
baekwashing  plus  removal  ot  nitrogen  and  oxvgen  bv  deaera- 
tion  should  well  ensure  efficient  operation.  The  cntenon  for 
this  is  90%  nitrate  removal  over  a  penod  ot  at  least  1  vear  and 
preterablv  2  vears  without  unacceptable  cloegine  ot  the  tilter. 

The  expenments  were  earned  out  in  tillers  of  diameter  0.30 
m  tilled  with  sulphur  :ind  limestone  granules  (ratio  1:1.  depth 
!.5ilmiataliltration  rate  ot  11 .5  m/h.  TTie  water  was  introduced 
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from  below  alter  addition  to  it  01 0.2  nig/1  POi".  A  parallel  ex- 
penment  was  also  earned  out  with  no  phosphate  added. 

The  clogging  potential  of  the  denitrified  water  was  investi- 
gated in  a  preliminary  experiment  with  an  apparatus  lor  the 
measurement  of  the  arificial  recharge  filtration  index. 

The  tirst  senes  of  pilot  plant  experiments  showed  that: 

—  Over  a  period  of  9  months  the  nitrate  content  was  reduced 
trom  7(1  mg/1  10  less  than  25  mg/i  (which  is  the  Guide  Level 
of  the  European  Communities)  in  (he  filter  supplied  with 
water  to  which  0.2  mg/l  POi"  had  been  added. 

—  The  filtjf  supplied  with  water  to  wmch  no  phosphate  had 
been  added  removed  nitrate  to  a  satisfactory  extent  tor  a 
short  time  only 

—  The  increase  in  hl:er  head  loss  due  to  clogging  remained 
slight  in  both  filters. 

—  A  positive  head  ol  about  50  kPa  prevented  the  formation  of 
nitrogen  buboles  in  we  filter  bed. 

—  Infiltration  oi  the  denitrified  water  is  possible,  as  ihe  dog- 
ging potential  was  acceptable 

The  effect  of  slow  sulphur/'imcstone  nitration  on  several  es- 
sential parameters  is  shown  in  Table  1. 

Tabic  I    Effect  ol  sulphur/limestone  filtration 


Parameter 

Groundwater 

Alter  treatment 

NO: 

65-70  tagA 

tl-25me.1 

NO: 

ifme/1 

0-1  mg/1 

o. 

bnnjd 

umg/l 

HCO" 

PiU—  njmtil 

140-150  me/I 

SOi- 

;i)-'Uinn£/l 

HU-l40tayi 

nH 

»>.*-"  1 1 

In  view  of  the  encouraging  results  obtained  in  the  prelimi- 
nary experiments.  J  was  uecided; 
(ai  To  continue  the  expenments  with  an  extended  piloi  plant 

under  aaiustcd  process  conditions. 
b  i  To  am  out  further  investigations  into  the  clogging  poten- 
tial ot  the  denitrified  water  irom  the  pilot  plant 
IC|  To  design  a  demonstration  plani  with  a  capacity  ot  35  m*h 
whose  erfluem  would  be  infiltrated  into  the  soil. 
Alter  the  pilot  plant  had  been  extended  by  addition  nl  j 
vacuum  deaerator,  the  treatment  process  was  as  follows: 

—  Vacuum  deaerator 

—  Filter  tilled  with  sulphur  and  limestone. 

—  Apparatus  tor  measuring  the  artificial  recharge  tiliration 
index 

,"i7r><  pluni  experiments  i phase  2) 

'•datum  ueaerator  The  groundwater  tor  processing  is  deaer- 
ned  tor  removal  ot  nitrogen  and  oxygen.  Removal  ot  nitrogen 
is  necessary  in  order  10  prevent  trie  water  becoming  supersatu- 
rated with  the  nitrogen  generated  during  the  deniiniicatinn 
process  with  formation  of  gas  buobles  (hat  will  surround  tne 
sulpfiur  granules.  This  impedes  mass  transter  to  and  from  tne 
>uipnur  granules  and  greativ  reduces  the  dennnfication  effi- 
ciency. In  addition,  nitrogen  Dubbies  cause  channeling  in  the 
filter  bed. 

The  concurrent  removal  of  oxygen  aiso  nas  a  good  etfect  in 
thai  the  oxygen  in  the  suiphur/limestone  bed  no  longer  has  first 
to  be  removed  bv  bacteria.  In  other  words,  were  it  not  tor  de- 
gassing, pan  of  the  sulpnur/limestone  bed  would  not  be  avail- 
able tor  the  dennnfication  process.  Another  advantage  ot  ox\  - 
gen  removal  is  to  minimize  the  formation  ot  sulphate. 

Siu>v  suiphur/limestone  nitration.  After  deaeration.  the  water 
ri  introduced  from  beiow  mio  a  filter  filled  with  sulphur  (2-<i 
mm  i  and  limesione  12-5  mm)  in  a  1:1  volume  ratio.  The  depth 
■  >!  the  suionunltmestone  ned  was  reduced  trom  1 .50  to 'I  ""Sm. 
it  the  nitrate  removal  decreases,  the  niter  bed  can  he  increased 
to  1.5  a, 


Should  breakthrough  occur  again  at  a  bad  uepth  of  1.5  m  the 
filter  material  in  a  full-scale  plant  would  have  to  be  cleared  of 
biomass. 

In  the  column  expenments  described  above  the  target 
•  'Derating  time  of  I  vear  was  not  quite  reached  at  a  filtration 
rate  of  0.5  m/h.  The  rate  was  therefore  lowered  from  0.5  to 
0.25  m/h. 

Apparatus  tor  measuring  ike  artiticai  recharge  filtration  index 

Some  ot  the  effluent  from  the  slow  sulohur'limestone  filter  is 
passed  to  an  installation  with  four  small  test  filters  In  these  fil- 
ters infiltration  into  the  soil  is  simulated  at  vanous  filtration 
rates  By  this  means  an  idea  can  be  quicklv  obtained  of  the  ex- 
tent to  which  the  soil  may  become  clogged  during  infiltration. 

Results  of  pilot  plant  investigation  I  phase  2) 

In  the  pilot  plant  investigation  it  appears  that  the  nitrogen  con- 
tent can  be  reduced  to  1-2  mg/l  and  the  oxygen  to  0.5-1  mg/l 
with  the  vacuum  deaerator.  3y  way  ol  comparison  a  parallel 
expenment  was  earned  out  in  a  second  slow  sulphur/limestone 
filter  supplied  with  undegassed  water  After  50davs  this  filter 
no  longer  fully  removed  the  nitrate.  As  against  this,  the  filter 
supplied  with  degassed  water  still  removes  the  nitrate  10(1% 
itter  200  days,  and  this  with  hardly  any  increase  in  Qlter  head 
loss. 

At  an  infiltration  rate  of  0.1  m/h  a  detinue  increase  in  filter 
head  loss  within  a  short  time  was  observed  with  lest  filters  The 
mam  reason  tor  this  is  the  presence  of  biomass  and  biodegrad- 
.ible  matter  in  the  etflueni  trom  ihe  slow  sulphur/limestone  ni- 
ters. The  very  tine  soil  matenal  with  which  the  test  filters  are 
filled,  is  a  verv  important  factor  as  well.  Consequently  the  infil- 
tration of  the  denitrified  water  will  be  earned  out  at  a  location 
in  which  the  soil  consists  ot  a  more  coarse  matenal. 

Demonstration  plant 

The  results  obtained  on  the  pilot  plant  gave  such  a  promising 
iiutfewk  for  lull-scaie  application  ol  the  process  mat  it  was  de- 
cided to  build  a  demonstration  piani  with  a  capacity  ot  35  m~'<h. 
Tins  plant  composes: 

—  Vacuum  deaeralor 

—  Slow  sulpnur/limestone  filter 

—  Cascade 

—  Infiltration  pond 

and  was  commissioned  on  15  December  iWrt 

V  acuum  deaerator 

The  vacuum  deaerator  consists  oi  a  5  m  high  cvlindncai  vebsef 
.it  diameter  0.3  m.  To  improve  mass  transter  the  column  was 
-ijcKeu  with  Pall  rings  ( 50  mm  i  to  a  height  ot  3  m.  The  pressure 
:n  the  deaerator  is  adiusted  bv  means  ot  a  water  nng  rmrnp 
The  design  was  based  on  expenence  gained  with  the  vacuum 
^egasser  used  tor  removal  ol  methane  r>y  the  East  Braoant 
Water  Supply  Companv 

>7ow  suiphur/limestone  Inter 

The  slow  sulphur/limestone  filter  is  constructed  ot  prefabn- 
cated  concrete  elements  and  placed  on  a  concrete  base.  Tne  ni- 
ter is  20  m  long  by  7  m  wide  by  2  m  deep.  The  incoming  water 
is  distnbuted  via  PVC  pipes  with  2  mm  diameter  holes,  with  a 
head  loss  of  0.5  m  dunng  operation,  to  ensure  good  distnbu- 
uon.  The  pipes  are  covered  by  a  0.3  m  laverot  gravel  (4.8 — u.6 
mm  i  over  which  a  mixture  of  su  phur  1 2 — n  mm  I  and  limestone 
i2 — 5  mm  I  is  laid. 

Cascade 

The  cascade  consists  ot  ?  x  U.7  m  high  weir*  tor  aerating  tne 
vaier.  Anv  nitrogen  excess  is  eliminated  at  the  same  time. 
herePv  preventing  the  soil  in  the  infiltration  pond  becoming 
.logged  ov  degassing  during  infiltration. 
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!nfi!traaon  pond 

Aeration  is  followed  bv  infiltration  in  a  pond  of  surface  area 
2000  nr.  The  water  infiltrates  at  a  rate  of  about  0. 1  m/h  and  it 
then  withdrawn  from  wells  alter  about  3  months  residence 
time.  In  the  Dr  J.  H.  van  Heek  pumping  station  it  is  finally 
mixed  with  the  water  from  the  other  wells,  treated  and  distri- 
buted as  drinking  water. 

Summary  and  conclusions 

lai  Investigations  with  a  pilot  plant  have  shown  that  the  sul- 
phur/limestone process  combined  with  vacuum  oeaeration  and 
infiltration  of  the  denitrified  water  can  offer  a  simple  and  reli- 
able technique  for  the  removal  of  nitrate  from  groundwater 
However,  the  application  of  this  technique  is  confined  to  situa- 
tions where  groundwater  with  a  low  sulphate  content  is  present 
and  infiltration  is  possible. 

lb)  The  demonstration  installation  based  on  the  sulphur' 
limestone  process  operated  during  more  than  four  months 
quite  satisfactory  The  process  will  have  to  show  within  the 
next  Z  years  wtiether  u  does  indeed  live  up  to  expectation  in 
practice. 

^knowledge  menu 

The  project  described  is  being  earned  out  at  the  request  of  the 
Netherlands  Waterworks  Association  supported  by  a  grant 
from  the  Department  ol  Drinking  and  Industrial  Water  Supply 
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Fig.   I.  Nitrate  concentration  in  the  jostracied  erounuwater  in  the 
Monttcrland  over  the  period  iy7d-|yH6 


Fig.  1.  The  pilot  plant  for  removing  nitrate  from  groundwater  with 
uiohur  ana  limestone 
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Fit.  i.  The  apparatus  tor  the  measurement  oi  the  artificial  techorce 
nitration  mdei  or  the  denitnned  Groundwater 
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FHt.  7.  The  mow  vUin 
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Fig.  8.  The  inl'iluauon  pond  with  cascade 
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Fit.  9.  The ctlcct  irt  the  ilciw  Mimhur,  limestone  process on ucmonstra- 
iiim  v;aic  iJunnv  trie  tirsi  mree  rwinim  in  operation 


NE-9 


HE  2  N 


\ 


Removal  of  Nitrate  by  Slow  Sulphur/Limestone  Filtration 

J.  C.  Schippers  and  J.  C.  Kruithof,  F.  G.  Mulder,  J.  W.  van  Lieshout, 


*i4iui  Nil  v  pji  it* »«i 2*1.  i«*n 

finiL-a  in  (irejt  Briiain 


Pcreiimon  Journal*  LimucU 
WS.A 


Removal  of  Nitrate  by  Slow  Sulphur/Limestone  Filtration 

J.  C.  Schippers  and  J.  C.  Kruithof,  KIWA  N.  V.,  2280  AB  Rijswijk,  The  Netherlands 

F.  G.  Mulder.  Gelderland  Eastern  Water  Supply  Company,  The  Netherlands 

J.  W.  van  Lieshout,  Water  Laboratory  of  the  Eastern  Netherlands  Waterworks.  The  Netherlands 

abstract:  Slow  sulphur-limestone  filtration  aims  to  be  a  simple  and  reliable  process  tor  the  removal  of  nil  rate  from  ground- 
water. In  this  process  nitrate  is  removed  in  an  uptlov.  filter  containing  sulphur  and  limestone  with  help  ot  the  bacterium 
Thiobaallus  denunficans.  The  filter  operates  at  a  rale  of  U .25  m/h  which  implies  that  backwashing  is  not  required. 

Belore  the  demtntication  process  starts  the  oxygen  and  nitrogen  ol  the  water  is  removed  with  a  vacuum  deaerator  as  these 
compounds  disturb  the  process  Alter  the  denitrification  (he  water  is  aerated  and  infiltrated  in  the  soil,  in  order  to  remove  bac- 
teria, biodegradable  matter  and  turbidity 

Recently  a  demonstration  plant  with  a  capacity  of  35  mVh  has  been  put  in  operation 

Elimination  du  nitrate  avec  la  filtration  lente  au  soufre-maerl 

Resume:  La  filtration  lente  au  soufre-maerl  est  un  precede  simple  et  liable  pour  dimmer  les  nitrate  deseauxsouterraines.  Dans 
ce  procede  le  nitrate  est  enleve  dans  un  filtre  a  courant  ascendant  compose  dun  melange  de  soufre  et  de  calcaire  par  la  bactene 
Thiobacdius  demtrifwans.  Une  lavage  du  filtre  nest  pas  necessaire.  parce  que  la  Vitesse  de  filtration  est  0.25  m/h. 

Pour  eviter  une  interference  dans  le  procede  I'oxygeneet  lazoie  soni  eliminesparundegazeuravide  avant  la  demtntication 
Apres  la  demtntication  leau  est  aeree  et  infiltree  dans  le  sol  pour  eltmtner  les  bacienes.  les  elements  biodegradables  et  la  tur- 
bidite. 

Les  premiers  essais  pratiques  ont  commence  recemment  avec  une  installation  de  demonstration  dune  capacite  de  35  m'/h 


Introduction 

At  many  groundwater  catchment  areas  the  nitrate  concentra- 
tion in  the  water  is  showing  a  definite  increase.  The  Maximum 
Acceptable  Concentration  of  50  mg  nitrate  per  litre  laid  down 
tn  the  Dutch  Drinking  Water  Act  has  already  been  reached  at 
two  such  catchments  areas. 

The   main  cause  of  nsmg  nitrate  concentrations  in  the 
Netherlands  is  excessive  use  in  agriculture  of  animal  manure 
Besides  this,  normal  fertilizing  with  manure  and  artificial  fer- 
tilizers, acid  rain  and  leaking  sewer  systems  also  contribute  to 
the  nitrate  problem. 

It  is  anticipated  that  tn  the  near  future  problems  will  anse  tn 
some  80  oui  of  the  total  number  of  250  groundwater  catchment 
areas. 

This  problem  is  not  confined  to  the  Netherlands.  Our 
neighbouring  countnes  are  also  faced  with  rising  nitrate  con- 
tents in  groundwater  and  surface  water,  while  outside  Europe 
the  problem  is  just  as  senous.  In  fact,  the  steady  nse  of  nitrate 
content  in  groundwater  and  surface  water  is  now  a  threat  to 
drinking  water  supply  in  more  and  more  pans  of  the  world  and 
corrective  measures  are  obviously  needed  as  a  matter  of 
urgency.  Any  drastic  restriction  on  the  (excessive )  fertilizing  of 
agricultural  land  tn  the  Netherlands  is  stoutly  resisted  by  the 
farming  sector.  In  the  present  social  climate  it  is  unrealistic  to 
expect  any  worthwhile  limitation  on  overfertilizing  in  the  short 
term. 

Moreover,  any  drastic  reduction  in  overfertilizing  would 
take  several  years  to  lower  the  nitrate  content  in  the  extracted 
groundwater.  The  fact  is  that  by  the  time  it  reaches  the  extrac- 
tion wells,  groundwater  has  generally  had  an  average  under- 
ground residence  time  of  several  years.  This  situation  forces 
waterworks  to  consider  ways  and  means  for  assunng  the  qual- 
ity of  their  drinking  water  in  the  immediate  future  The  possi- 
ble options  are: 

—  to  impose  restrictions  on  overfertilizing  in  protecting  zones 
of  the  groundwater  catchment  area: 

—  to  abstract  water  from  another  groundwater  catchment 
area  or  to  mix  water  having  a  high  nitrate  content  with  nit- 
rate-free water  that  would  have  to  be  brought  from 
eisewhere. 

—  to  produce  drinking  water  from  surface  water. 


However,  these  measures  are  feasible  in  only  a  few  situa- 
tions. Consequently,  the  waterworks  have  in  many  situations 
no  alternative  but  to  remove  the  nitrate  from  the  drinking 
water. 


Processes  into  the  removal  of  nitrate 

A  wide  range  of  physico-chemical  and  biological  processes  are 
currently  being  developed  for  the  removal  of  nitrate  from 
drinking  water  Biological  denitrification  processes  specifi- 
cally remove  nitrate  from  dnnkmg  water  while  their  physico- 
chemical  counterparts  are  less  specific  and  may  therefore  also 
remove  other  inorganic  substances. 

Physico~chemicat  processes 

Ion  exchange  and  reverse  osmosis  are  proven  techniques  for 
removing  inorganic  salts.  The  most  senous  drawback  to  these 
techniques  is  the  production  of  effluents  in  the  form  of  bnne 
whose  disposal  is  often  difficult  so  that  these  techniques  are 
less  commonly  used.  Evaporating  the  water  from  the  bnne  to 
leave  the  salts  in  solid  form  is  too  costly  and  complicated  a  pro- 
cess to  be  worthwhile. ' 

Biological  purification  of  the  regenerant  solution  used  tn  ion 
exchange  with  say  methanol  promises  an  appreciable  reduc- 
tion in  the  amount  of  bnne  that  has  to  be  discharged. :  Still,  this 
method  has  the  disadvantage  of  being  rather  complicated. 

A  combination  of  cation  and  anion  exchange  with  the  dual 
aim  of  softening  and  nitrate  removal  enables  regeneration  to 
be  earned  out  with  carbon  dioxide.  This  too  can  minimize  the 
quantity  of  brine  produced.3 

However,  anion  exchange  involves  the  nsk  of  quaternary 
ammonium  compounds  entenng  the  treated  water.  Since  these 
compounds  are  suspect  from  the  standpoint  of  public  health, 
the  problem  clearly  demands  caution  and  attention. 

Bioiopcal  denitrification 

Nitrate  can  be  convened  to  nitrogen  by  bacteria  in  anaerobic 
conditions.  Heterotrophic  bactena  conven  nitrate  by  making 
use  of  organic  substances  such  as  methanol,  ethanol  and  acetic 
acid.  The  demtnfication  with  methanol  proceeds  according  to 
the  following  reaction: 
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5CH,0H  -  6NO:^5  HCCr,  -  OH"  +  7  H:0  +  3  N:. 

Autotrophic  bacteria  make  use  of  inorganic  substances  like 
hvdrogen  and  sulphur  as  their  energy  source.  Denitnfication 
with  hydrogen  follows  the  reaction: 

5 H*  +  2H*  +  2  NO;  —  N-  -  6  H.O. 


the  sulphate  content  of  the  raw  groundwater  is  low  enough  tor 
the  sulphate  standard  not  to  be  exceeded  after  denitnfication. 
The  Dr  J.  H.  van  Heek  pumping  station  belonging  to  the- 
Gelderland  Eastern  Water  Supply  Company  meets  this  re- 
quirement and  it  was  therefore  decided  that  this  should  be  the 
site  for  a  preliminary  investigation  into  the  feasibility  of  the 
process. 


In  both  processes  biomass  is  produced  as  well  as  inorganic 
substances. 

Autotrophic  and  heterotrophic  bacteria  both  need  phos- 
phate as  an  essential  element  lor  their  growth.  In  laboratory 
conditions  the  denitnfication  processes  present  no  problems 
but  little  experience  has  yet  been  gained  on  their  practical  ap- 
plication There  are  at  present  in  Europa  only  a  few  demonst- 
ration installations  where  such  practical  experience  is  being 
obtained.  Various  process  versions  are  being  tested  in  these  in- 
stallations, namely: 

—  fluidized  bed  (with  methanol) 

—  fixed  bed  with  ethanol  and/or  acetic  acid  downflow 

—  fixed  bed  with  ethanol  upflow 

—  floating  bed  with  ethanol  upflow 

—  profiled  lamellae  (with  hydrogen) 

The  aim  of  these  process  versions  is  to  create  within  a  limited 
space  a  large  suface  for  adherence  of  bacteria.  At  the  same 
time  the  flow  conditions  in  the  system  are  adjusted  such  that 
the  mass  transfer  shall  take  place  sufficiently  fast.  These  tech- 
niques have  various  drawbacks,  namely: 

(a)  they  are  complicated  compared  to  the  processes  generally 
employed  in  groundwater  pumping  stations,  e.g.  aeration 
and  rapid  filtration; 

(b)  the  denitrified  water  generally  contains  biodegradable 
matter  in  the  form  of  biomass.  thus  demanding  intensive 
post-treatment. 

An  alternative  to  denimfication  in  a  treatment  plant  is  the 
removal  of  nitrate  in  situ.  le.  in  the  soil.  This  process  is  in  prin- 
ciple free  from  the  abovementioned  drawbacks.  It  is  also  com- 
paratively cheap.  Full-scale  investigations  carried  out  by  the 
Gelderland  Eastern  Water  Supply  Company  and  others  have 
shown  that  the  injection  well  employed  soon  becomes  clogged 
by  bacterial  growth/  This  means  that  the  technique  will  only 
be  technically  possible  once  the  clogging  problem  has  been  sol- 
ved. Furthermore,  with  soil  protection  in  mind,  the  govern- 
ment views  the  use  of  this  technique  with  a  rather  jaundiced 
eye. 

Reviewing  the  available  techniques  for  removal  of  nitrate,  it 
is  apparent  that  none  have  yet  proved  simple,  reliable  and 
cheap  in  practical  application  over  a  reasonably  long  period  of 
time 

Choice  of  process  and  location  of  investigation 

Small  groundwater  pumping  stations  are  mostly  unmanned. 
uenerallv  rather  basic  and  often  cf  limited  capacity.  For  re- 
moving nitrate  from  the  groundwater  handled  by  these  pump- 
ing stations  it  is  therefore  clearly  preferable  to  use  simple  pro- 
cesses requiring  little  supervision.  Consequently,  process 
selection  and  conduct  of  experiments  is  alwavs  geared  to  the 
need  for  the  process  to  be  suitable  for  practical  application  at 
such  pumping  stations. 

After  thorough  evaluation  of  possible  processes  for  the  re- 
moval of  nitrate  from  groundwater,  it  was  concluded  that 
biological  denitnfication  in  a  fixed  bed  with  sulphur  and  lime- 
stone is  in  pnncsple  simple,  reliable  and  reasonably  cheap. 

The  version  chosen  for  this  process  is  comparable  to  siow 
sand  filtration.  A  further  requirement  was  that  a  simple  secon- 
dary treatment  must  suffice  to  remove  biomass  from  the  denit- 
rified water. 

As  sulphate  is  formed  as  a  sideproduct  the  use  of  the  sul- 
phur/limestone process  is  restricted  to  pumping  stations  where 


The  sulphur/limestone  process 

Principle 

Autotrophic  bacteria  like  Thiobacillus  denitrificans  arc  capa- 
ble of  converting  nitrate  to  nitrogen  in  the  presence  of  elemen- 
tary sulphur  according  to  the  following  reaction: 

5  S  +  6  NO;  *  2  H:0  —  3  N:  -  5  SO;"  +JH*. 

Beside  the  inorganic  substances  nitrogen,  sulphate  and  hyd- 
rogen ions,  biomass  is  also  formed. 

55  S  -  50  NO;  +  38  H:0  +  20  CO:  -  4  NH;  — 

4  C5H,0:N  +  25  N:  +  55  SO;"  +  64  FT. 

Denitnfication  is  accompanied  by  the  formation  of  hydro- 
gen ions  which  iowers  the  pH  value  However,  for  optimal 
bactenal  action  the  pH  should  preferably  be  between  6  4  and 
6.8  and  neutralization  is  therefore  necessary. 

For  this  purpose  limestone  granules  are  added  to  the  sulphur 
to  maintain  the  pH  level  dunng  the  process.  A  lot  of  work  in 
this  field  has  been  done  by  Martin  and  co-workers6'7  working 
with  a  fixed  bed  of  limestone  and  sulphur.  Laboratory  scale  ex- 
periaiCOtS  performed  at  a  filtration  rate  of  1  m/h  yielded  very 
promising  results  but  practical  application  calls  for  further  in- 
vestigations. 

Pilol  plans  experiments  (priase  1 ) 

The  following  preconditions  were  laid  down  for  the  pilot  plant 
experiments: 

—  Supersaturation  with  nitrogen,  with  consequent  formation 
of  nitrogen  bubbles  in  the  bed.  should  be  countered. 

—  The  loss  of  active  biomass  through  backwashing  of  the  sul- 
phur/limestone bed  should  be  avoided. 

—  The  biomass  and  other  biodegradable  matter  present  in  the 
denitrified  water  should  be  removable  by  infiltration  into 
the  soil. 

In  this  series  of  pilot  plant  experiments  nitrogen  supersat- 
uration was  countered  by  providing  a  positive  head  of  50  kPa. 
At  a  later  stage  supersaturation  was  prevented  by  deaerating 
the  untreated  groundwater. 

Upflow  filtration  is  applied  in  order  to  make  it  easier  for  the 
nitrogen  buboles  to  escape  assuming  that  this  formation  of 
these  bubbles  cannot  be  completely  prevented. 

Another  no  less  important  argument  in  favour  of  upflow  filt- 
ration is  to  prevent  the  introduction  of  nitrogen  and  oxygen 
into  the  water. 

The  filtration  rate  selected  was  0.5m/h  (the  rale  used  in  slow 
sand  filters).  This  decision  was  conditioned  by  the  fact  that 
Martin's  results  had  been  not  entirely  satisfactory  at  a  rate  of  1 
m/h  at  which  regular  backwashing  of  the  filter  bed  also  appears 
to  have  been  important. 

A  combination  of  a  lower  filtration  rate,  omission  of 
backwashing  plus  removal  of  nitrogen  and  oxvgen  by  deaera- 
tion  should  well  ensure  efficient  operation.  The  cntenon  for 
this  is  90%  nitrate  removal  over  a  penod  of  at  least  1  year  and 
preferably  2  years  without  unacceptable  clogging  of  the  filter. 

The  experiments  were  carried  out  in  filters  of  diameter  0.30 
m  tilled  with  sulphur  and  limestone  granules  (ratio  1:1,  deoth 
1 .50  m )  at  a  filtration  rate  of  0.5  nvh.  The  water  was  introduced 
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from  below  after  addition  to  it  of  0.2  tng/1  POj"  A  parallel  ex- 
periment was  also  earned  out  with  no  phosphate  added. 

The  clogging  potential  of  the  denitrified  water  was  investi- 
gated in  a  preliminary  experiment  with  an  apparatus  lor  the 
measurement  ot  the  artificial  recharge  filtration  index. 

The  first  series  of  pilot  plant  experiments  showed  thai 

—  Cher  a  period  ol  u  months  the  nitrate  content  was  reduced 
front  70  mg/l  to  less  than  25  mg/l 1  which  is  the  Guide  Level 
ol  the  European  Communities)  in  the  filter  supplied  with 
water  to  which  0.2  mg/l  POj"  had  been  added. 

—  The  filter  supplied  with  water  to  which  no  phosphate  had 
been  added  removed  nitrate  to  a  satisfactory  extent  tor  a 
short  time  only. 

—  The  increase  in  filter  head  loss  due  to  clogging  remained 
slight  in  both  filters 

—  A  positive  head  of  about  50  kPa  prevented  the  formation  of 
nitrogen  bubbles  in  the  filler  bed. 

—  Infiltration  of  the  denitrified  water  is  possible,  as  the  clog- 
ging potential  was  acceptable. 

The  effect  of  slow  sulphur/limestone  filtration  on  several  es- 
sential parameters  is  shown  in  Table  1. 

Tahle  I   Etteci  of  bulphur/limesione  filtration 


Parameter 

Groundwater 

Alter  treatmenl 

NO- 

65-70  mg/l 

11-25  me/I 

NO- 

0  mg/l 

ii- 1  mg/1 

O, 

b  me'l 

0  mg/l 

HCOT 

60-65  mg/l 

140- 150  mil! 

sor 

20-30  mg/l 

Iin- 140  mini 

pH 

6.8-7.0 

7.3 

In  view  of  the  encouraging  results  obtained  in  the  prelimi- 
nary experiments,  it  was  decided: 
(a)  To  continue  the  experiments  with  an  extended  pilot  plant 

under  adjusted  process  conditions 
( h )  To  carry  out  further  investigations  into  the  clogging  poten- 
tial of  the  denitrified  water  from  the  pilot  plant, 
(c)  To  design  a  demonstration  plant  with  a  capacity  of  35  m3/h 
whose  effluent  would  be  infiltrated  into  the  soil. 
After  the  pilot  plant  had  been  extended  by  addition  of  a 
vacuum  deaerator,  the  treatment  process  was  as  follows: 

—  Vacuum  deaerator. 

—  Filter  filled  with  sulphur  and  limestone 

—  Apparatus  for  measuring  the  artificial  recharge  filtration 
index. 

Pilot  plant  experiments  (phase  2) 

Vacuum  deaerator.  The  groundwater  for  processing  is  deaer- 
ated  for  removal  of  nitrogen  and  oxygen.  Removal  of  nitrogen 
is  necessary  in  order  to  prevent  the  water  becoming  supersatu- 
rated with  the  nitrogen  generated  dunng  the  denim fication 
process  with  formation  of  gas  bubbles  that  will  surround  the 
sulphur  granules.  This  impedes  mass  transfer  to  and  from  the 
suiphur  granules  and  greatly  reduces  the  demtrification  effi- 
ciency. In  addition,  nitrogen  bubbles  cause  channeling  in  the 
filter  bed. 

The  concurrent  removal  of  oxygen  also  has  a  good  effect  in 
that  the  oxygen  in  the  sulphur/limestone  bed  no  longer  has  first 
to  be  removed  by  bacteria.  In  other  words,  were  it  not  for  de- 
gassing, part  of  the  sulphur/limestone  bed  would  not  be  avail- 
able for  the  denitrification  process.  Another  advantage  of  oxy- 
gen removal  is  to  minimize  the  formation  of  sulphate. 

Slow  sulphur/limestone  filtration.  After  deaeration.  the  water 
is  introduced  from  below  into  a  filter  filled  with  sulphur  (2-6 
mm  J  and  limestone  (2-5  mm)  in  a  1 : 1  volume  ratio.  The  depth 
of  the  sulphur/limestone  bed  was  reduced  from  1 .50  to  0.75  m. 
If  the  nitrate  removal  decreases,  the  filler  bed  can  be  increased 
to  1.5  m. 
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Should  breakthrough  occur  again  at  a  bad  depth  of  1 .5  m  the 
filter  material  in  a  full-scale  plant  would  have  to  be  cleared  of 
biornass. 

In  the  column  experiments  described  above  the  target 
operating  time  of  1  year  was  not  quite  reached  at  a  filtration 
rate  ot  0.5  m/h.  The  rate  was  therefore  lowered  from  0  5  to 
0.25  m/h 

Apparatus  for  measuring  the  artijical  recharge  filtration  index 

Some  of  the  effluent  from  the  slow  sulphur/limestone  filter  is 
passed  to  an  installation  with  lour  small  test  fillers.  In  these  fil- 
ters infiltration  into  the  soil  is  simulated  at  various  filtration 
rates.  By  this  means  an  idea  can  be  quickly  obtained  of  the  ex- 
tent to  which  the  soil  may  become  clogged  during  infiltration. 

Results  of  pilot  plant  investigation  I  phase  2) 

In  the  pilot  plant  investigation  it  appears  that  the  nitrogen  con- 
tent can  be  reduced  to  1-2  mg/l  and  the  oxygen  to  0.5-1  mg/l 
with  the  vacuum  deaerator.  By  way  of  comparison  a  parallel 
experiment  was  carried  out  in  a  second  slow  sulphur/limestone 
filter  supplied  with  undegassed  water.  After  50  days  this  filter 
no  longer  fully  removed  the  nitrate.  As  agains:  this,  the  filter 
supplied  with  degassed  water  still  removes  the  nitrate  100% 
after  200  days,  and  this  with  hardly  any  increase  in  filter  head 
loss. 

At  an  infiltration  rate  of  0.1  m/h  a  definite  increase  in  filter 
head  loss  within  a  short  time  was  observed  with  test  filters.  The 
main  reason  for  this  is  the  presence  of  biomass  and  biodegrad- 
able matter  in  the  effluent  from  the  slow  sulphur/limestone  fil- 
ters. The  very  fine  soil  material  with  which  the  test  filters  are 
filled,  is  a  very  important  factor  as  well.  Consequently  the  infil- 
tration of  the  denitrified  water  will  be  carried  out  ai  a  location 
in  which  the  soil  consists  of  a  more  coarse  material. 

Demonstration  plant 

The  results  obtained  on  the  pilot  plant  gave  such  a  promising 
outlook  for  full-scale  application  of  the  process  that  it  was  de- 
cided to  build  a  demonstration  plant  with  a  capacity  of  35  m/h. 
This  plant  comprises: 

—  Vacuum  deaerator 

—  Slow  sulphur/limestone  filter 

—  Cascade 

—  Infiltration  pond 

and  was  commissioned  on  15  December  1986. 

Vacuum  deaerator 

The  vacuum  deaerator  consists  of  a  5  m  high  cylindrical  vessel 
of  diameter  0.8  m.  To  improve  mass  transfer  the  column  was 
packed  with  Pall  rings  (50  mm)  to  a  height  of  3  m.  The  pressure 
in  the  deaerator  is  adjusted  by  means  of  a  water  nng  pump. 
The  design  was  based  on  experience  gained  with  the  vacuum 
degasser  used  for  removal  of  methane  by  the  East  Braoant 
Water  Supply  Company. 

Slow  sulphur/ limestone  filter 

The  slow  sulphur/limestone  filter  is  constructed  of  prefabri- 
cated concrete  elements  and  placed  on  a  concrete  base.  The  fil- 
ter is  20  m  long  by  7  m  wide  by  2  m  deep.  The  incoming  water 
is  distributed  via  PVC  pipes  with  2  mm  diameter  holes,  with  a 
head  loss  of  0.5  m  during  operation,  to  ensure  good  distribu- 
tion. The  pipes  are  covered  by  a  0.3  m  layer  of  gravel  (4.8 — 9.6 
mm  I  over  which  a  mixture  of  sulphur  (2—6  mm )  and  limestone 
(2 — 5  mm)  is  laid. 

Cascade 

The  cascade  consists  of  3  x  0.7  m  high  weirs  for  aerating  the 
water.  Any  nitrogen  excess  is  eliminated  at  the  same  time, 
thereby  preventing  the  soil  in  the  infiltration  pond  becoming 
clogged  by  degassing  during  infiltration. 


Infiltration  pond 

Aeration  is  followed  by  infiltration  in  a  pond  of  surface  area 
20(1(1  rnv  The  water  infiltrates  at  a  rate  of  about  0. 1  rn/h  and  is 
(hen  withdrawn  from  wells  after  about  3  months  residence 
time.  In  the  Dr  J  H.  van  Heek  pumping  station  ii  is  finallv 
mixed  with  the  water  from  ihe  other  wells,  treated  and  distri- 
buted as  drinking  water. 

Sumrnur)  and  conclusions 

(ai  Investigations  with  a  pilot  plant  have  shown  that  the  sul- 
phur, limestone  process  combined  with  vacuum  dcaeration  and 
infiltration  of  the  denitrified  water  can  offer  a  simple  and  reli- 
able technique  for  the  removal  of  nitrate  from  groundwater. 
However,  the  application  of  this  technique  is  confined  to  situa- 
tions where  groundwater  with  a  low  sulphate  content  is  present 
and  infiltration  is  possible. 

(b)  The  demonstration  installation  based  on  the  sulphur/ 
limestone  process  operated  during  more  than  four  months 
quite  satisfactory.  The  process  will  have  to  show  within  the 
next  2  years  whether  it  does  indeed  live  up  to  expectation  in 
practice 
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Pig.   1.  Nitrate  concentration  in  the  abstracted  groundwater  in  the 
Montterland  over  the  penod  1970-1986 


Fig.  2.  The  pilot  plant  for  removing  nitrate  from  groundwater  with 
sulphur  and  limestone 


Fig.  3.  The  apparatus  for  (he  measurement  of  the  artificial  recharge 
filtration  index  of  the  denitrified  groundwater 
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Fig.  6.  The  vacuum  deaerator  (35  nrVh)  for  removal  of  nitrogen  and  oxygen  from  (he  groundwater  due  to  be  denitrified 
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Fig.  7.  The  slow  sulphur/limestone  filter  (35  inJ/h)  during  fitting 
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Fig.  8.  The  infiltration  pond  with  cascade 
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ABSTRACT 

Since  1930  on  five  locations  in  the  Netherlands  Ultra  Violet  (UV) -instal- 
lations have  been  introduced  for  the  disinfection  of  drinking  water.  The 
reason  for  u. v. -disinfection  on  these  locations  is: 

-  removal  of  E.coli  from  groundwater 

-  reduction  of  colony  counts  in  bank  filtered  water  following  GAC  fil- 
tration 

-  reduction  of  colony  counts  in  extensively  pretreated  surface  water. 
The  effects  of  all  three  applications  are  illustrated  with  case  studies. 
It  is  shown  that  u. v. -disinfection  is  a  very  promising  technique  when 
regrowth  does  not  have  to  be  restricted  by  a  residual  disinfectant. 
Under  practical  conditions  u. v. -radiation  produces  hardly  any  biodegrad- 
able compounds  and  does  not  cause  mutagenic  activity.  The  costs  of  u.v.- 
disinfection  vary  between  f 1 .  0,015  and  f 1 .  0,026. 


INTRODUCTION 

Until  1980  no  u.v . -disinfection  was  used  for  drinking  water  disinfection 
in  the  Netherlands.  Only  the  Waterworks  of  Tilburg  made  use  of  u.v.- 
radiation  for  the  disinfection  of  backwash  water  before  recycling  it  to 
the  treatment  process. 

Under  normal  circumstances  groundwater  and  bank  filtered  water  are  puri- 
fied by  conventional  treatment  i.e.  aeration  and  filtration  to  remove  iron, 
manganese  and  ammonia.  Following  these  processes  no  disinfection  is  needed 
(1).  Disinfection  is  applied  to  drinking  water  prepared  from  surface  water. 
This  disinfection  is  carried  out  with  chlorine  and  incidentally 
with  chlorine  dioxide  (2). 
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From  1980  some  changes  in  this  policy  occurred  for  all  water  types,  C3used 
by  the  following  reasons: 

Groundwater: 

Incidentally  disinfection  is  needed  for  drinking  water  prepared  from 
groundwater.  This  is  the  case  at  the  pumping  station  "De  Landeus"  of  the 
Watervorks  of  Limburg  and  at  the  pumping  station  "De  Tombe"  of  the 
Municipal  Waterworks  of  Maastricht,  where  E.coli  were  detected  in  the 
finished  water.  Chlorination  provides  a  good  disinfection  but  causes  many 
side  effects  (2).  Besides  the  content  of  biodegradable  compounds  in  this 
type  of  water  is  low,  so  there  is  no  actual  need  for  the  use  of  a 
persistent  disinfectant  to  prevent  regrowth.  U.V. -disinfection  seems  very 
suitable  to  solve  this  problem. 

Another  problem  was  encountered  at  Lauwersoog  (Provincial  Waterworks  of 
Groningen)  where  high  colony  counts  were  found  after  storage  of  the 
finished  water.  Also  for  this  purpose  u. v. -disinfections  can  be  applied. 

Bankfiltered  water: 

In  some  cases  waterworks,  treating  bankfiltered  water  with  conventional 
treatment,  have  problems  concerning  the  taste  and  odour  of  the  finished 
water  (3).  Amongst  others  this  is  the  case  at  the  treatment  plant  in  Har- 
dinxveld  of  the  Waterworks  "Alblasserwaard  en  Vijfheerenlanden" .  To  solve 
these  problems  a  GAC*f iltration  was  added  to  the  treatment  system. 
Especially  for  short  running  times  of  the  carbon  filters  high  colony 
counts  are  found  in  the  GAC-f iltrate.  As  for  groundwater  use  of  a 
persistent  disinfectant  to  prevent  aftergrowth  is  not  needed,  so  once 
again  u. v. -disinfection  appears  to  be  very  suitable. 

Surface  water: 

Following  the  discovery  of  trihalomethanes  (THM) -production  by  drinking 
water  chlorination  (A)  the  Dutch  waterworks  and  KIWA  have  paid  much 
attention  to  the  techniques  to  be  used  for  surface  water  disinfection. 
Initially  it  was  thought  that  post  chlorination  had  to  be  maintained  at 
the  end  of  the  treatment  as  a  safety  barrier  with  only  a  few  side  effects 
(5).  However,  it  was  established  that  especially  post  chlorination  induces 
a  high  mutagenicity  and  causes  a  shift  to  the  production  of  highly  brominate 
THM  (6,  7).  Therefore  the  philosophy  of  the  Dutch  waterworks  changed  to: 
no  chemical  disinfection  has  to  be  applied  when  mechanical,  biological 
and  physical  barriers  provide  water  of  a  good  (micro)  biological  quality 
when  chemical  disinfection  is  needed,  use  of  alternative  disinfectants 
should  be  considered.  In  that  case  chlorination  must  be  maintained  until 
the  side  effects  of  the  alternatives  have  been  evaluated. 
For  some  surface  water  treatment  plants  there  was  no  need  to  maintain  post 
chlorination.  Especially  this  was  the  case  for  waterworks  with  at  least  a 
double  filtration  step.  These  waterworks  proved  to  produce  water  with  low 
contents  of  biodegradable  compounds.  When  the  final  filtration  step  was  a 
slowsand  filtration  the  colony  counts  were  very  low  so  post  disinfection 
could  be  omitted  completely  (8,  9).  When  carbon  filtration  was  the  final 
treatment  step  colony  counts  proved  to  be  relatively  high. 
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U.V. -disinfection  is  very  suitable  to  reduce  these  colony  counts.  This 
option  is  not  in  operation  until  now,  but  is  investigated  extensively  at 
the  Zevenbergen  plant  of  the  Waterworks  of  North  West  Brabant  at  pilot 
plant  scale. 

The  developments  described  in  this  section  have  led  to  either  the  use  or 
the  study  of  u. v. -disinfection  in  the  Netherlands'  drinking  water  practice. 
In  this  paper  we  will  present  a  easy  study  for  each  water  type: 

-  Removal  of  E.coli  by  u. v. -disinfection  from  groundwater.  Full  scale 
application  at  "De  Landeus"  carried  out  by  the  Waterworks  of  Limburg 
together  with  the  Laboratory  of  the  Southern  Netherlands  Waterworks. 

-  Reduction  of  colony  counts  by  u. v. -disinfection  from  treated  bank 
filtered  water.  Pilot  investigation  and  full  scale  application  at 
Hardinxveld  carried  out  by  the  Waterworks  "Alblasserwaard  en 
Vijfheerenlanden"  and  KIWA. 

-  Reduction  of  colony  counts  by  chlorination,  slowsand  filtration  and 
u.v. -disinfection  of  treated  surface  water.  Pilot  investigation 
carried  out  at  Zevenbergen  by  the  Waterworks  of  North  West  Brabant,  the 
Laboratory  of  the  Southern  Netherlands  Waterworks  and  KIWA. 

In  all  investigations  the  effect  has  been  determined  by  measurements  of 

E.coli,  bacteria  from  the  coligroup  or  colony  counts. 

In  the  last  two  investigations  attention  has  also  been  paid  to  the 

possible  side  effects  of  the  disinfection  step.  This  concerns  the 

production  of  biodegradable  compounds  and  the  formation  of  mutagenic 

activity. 

Finally  attention  is  paid  to  the  costs  ct  the  treatment  step. 

U.V.-DISIN7ECTI0N  OF  GROUNDWATER 

The  water  to  be  treated  origins  from  two  captations  being  "De  Landeus" 
with  an  average  capacity  of  50  m3/h  and  "The  Nuthbron"  with  3n  average 
capacity  of  30  m3/h.  Up  to  1980  the  water  was  distributed  without  any 
treatment.  Early  1980  bacteria  from  the  coligroup  and  E.coli  were  detected 
in  both  captations.  Initially  the  problem  was  solved  by  a  chlorine  dosage. 
For  a  long  term  solution  it  was  decided  to  apply  u.v. -disinfection. 
April  1980  two  u. v. -disinfectors  type  Beluva  HD/50  were  installed.  Both 
disinfectors  are  provided  with  one  high  pressure  burner  in  a  quartz  tube. 
The  apparatus  is  equipped  with  a  monitor  for  the  registration  of  the 
u. v. -dose  (relative  measurement)  and  with  a  wiper  to  remove  deposits  on 
the  quartz  tube. 

The  disinfectors  have  been  used  in  the  production  of  drinking  water  from 
April  1981.  The  results  for  the  period  1981-1985  based  on  reduction  of 
plate  counts  PCA  37°C  and  removal  of  bacteria  from  the  coligroup  and  E.coli 
are  summarized  in  Table  1. 
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Table  1   Effect  of  u. v. -disinfection  at  De  Landeus  (period  1981-1985) 


Year  Number  of     Plate  count  PCA   Bact.  coligroup   E.coli 
measurements   37°C  >10  pos . 


pos . 


before   after    before   after    before   after 

U.V.       U.V.       U.V.       U.V.       u.v.       u.v. 


1981 

25 

1 

0 

13 

0 

11 

0 

1982 

42 

1 

0 

27 

2 

12 

0 

1983 

48 

6 

0 

35 

6 

18 

3 

1984 

42 

10 

3 

29 

2 

25 

: 

1985 

12  before  u.v. 
32  after  u.v. 

1 

0 

12 

0 

— 

" 

Out  of  about  200  measurements,  116  times  bacteria  from  the  coligroup  were 
detected  in  the  raw  water  from  which  65  could  be  confirmed  as  E.coli. 
After  u.v. -disinfection  10  times  bacteria  from  the  coligroup  could  be 
detected  from  which  5  could  be  confirmed  as  E.coli. 

In  most  cases  all  coli  are  destructed  by  u.v. -radiation.  In  a  few  cases  no 
complete  removal  was  achieved  caused  by  a  too  low  u.v. -dose.  Reason  for 
this  low  u.v. -dosage  was  twofold: 

-  in  three  cases  the  u.v. -monitor  was  malfunctioning,  indicating  a  higher 
dosage  than  actually  present.  From  that  moment  the  monitor  reading  was 
checked  regularly  with  a  mV-meter 

-  in  two  cases  the  u.v. -dosage  was  experimentally  lowered  below  57  *  of 
the  initial  dosage  (from  ~  40  mWs/cm2  to  23  mWs/cm2).  Then  u.v. -break- 
through of  E.coli  started  to  occur.  Coli  were  removed  by  a  temporary 
post-chlorination. 

After  checking  the  monitor  reading  and  replacing  u.v.  burners  at  60  %  of 
the  original  u.v. -energy  (24  mWs/cm2)  no  breakthrough  occurred  anymore. 

It  is  obvious  that  the  u.v. -intensity  drops  as  a  function  of  the  burning 
time.  In  the  period  1981-1985  15  burners  were  used  with  a  burning  time  of 
900-11,700  hours  (average  4,145  hours).  The  manufacturer  claims  that 
switching  on  and  off  does  not  influence  the  lamp  life.  However  this  seems 
not  to  be  the  case. 

Finally  a  calculation  has  been  made  for  the  costs  of  u.v. -disinfection 

under  these  conditions. 

The  investment  in  1980  amounted  to  f  42,690.—  including  electrotechnical 

and  mechanical  modifications  by  the  waterworks.  For  a  depreciation  in  15 

years  and  based  on  an  interest  of  10  %  this  amounts  to  fixed  costs  of 

fl.  4,980/year. 

The  variable  costs  are  concerned  with  the  replacement  of  burners,  quartz 

tubes  and  maintenance.  For  1985  this  amounts  to  f 1 .  1,170.  — .  The  second 

part  of  the  variable  costs  concerns  the  energy  consumption.  In  1985 

45,000  kWh  was  consumed,  amounting  to  about  f 1 .  6,000. — . 

This  brings  the  total  cost  of  the  u.v. -disinfection  for  1985  up  to 

fl.  12,150.--  for  a  total  production  of  730,000  m3  (84  %  of  the  design 

capacity  of  the  u.v. -disinfection) .  U.V. -disinfection  of  1  m3  of  water 

costs  fl.  0.017.  The  cost  aspects  are  summarized  in  Table  2. 
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Table  2   Costs  of  u .  v. -disinfection  at  De  Landeus  (,1985) 


Cost/year  Cost/m3  water 


Depreciation  £1.   4,980.--  f 1 .  0.007 

Maintenance  f 1 .   1,170.--  fl.  0.002 

Energy  consumption     f 1 .   6,000.--  fl.  0.008 


Total  costs  fl.  12,150.—  fl.  0.017 


U.V. -DISINFECTION  OF  BANKFILTERED  WATER 

The  water  to  be  treated  at  Hardinxveld  is  bank  well  filtered  water  from 
the  river  Rhine.  Up  to  1983  90-180  m3/h  were  treated  according  to  the 
following  purification  system: 

bankwell  filtered     ,„„-        not  submerged  rapid 

water  abstraction     a"atlOQ  *  titration     *  aeratl0D  *   filtration 

Gradually  the  finished  water  gave  rise  to  taste  and  odour  complaints.  For 

that  reason  the  Waterworks  "Alblasserwaard  en  Vij fheerenlanden"  decided  to 

remove  taste  and  odour  with  GAC-f iltration.  Pilot  investigations  showed 

excellent  results;  the  only  problem  being  relatively  high  colony  counts 

(FCA  22°C)  especially  for  short  filter  runs. 

In  a  participating  investigation  with  KIWA  the  disinfection  of  the 

GAC-filtrate  was  investigated  in  a  pilot  installation.  Especially 

u.v. -disinfection  showed  satisfactory  results.  Some  results  over  1982  are 

presented  in  Table  3  for  a  GAC  pilot  filter  with  a  carbon  life  of  about  2 

years. 

Table  3  Effect  of  u.v.  disinfection  at  Hardinxveld  (pilot  investigation, 
1982) 


Date        Plate  count  PCA  22°C 


17-2 

80 

24-2 

80 

17-3 

35 

24-3 

10 

31-3 

7 

7-4 

100 

14-4 

10 

21-4 

28-4 

25 

4-5 

8 

12-5 

40 

before  u.v.    after  u.v. 


0' 

0 

0 

] 
1 

5 
4 
2 

3 

0 
1 
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Although  the  colony  counts  in  de  carbon  filtrate  were  very  low,  a  good 
reduction  was  achieved. 

Therefore  U  1982  it  was  decided  to  modify  the  treatment  system  bv  adding 
a  GAC-f iltration  and  an  u. v . -disinfection  to: 

bankwell  filtered  not  submerged  ram  d 

water  abstraction  "     nation  +     flltratl0Cg    *  aeration  *   ggj^ 

aeration   -  5A<?"        -   U'V'" 

filtration     disinfection 

The  GAC-filtration  is  carried  out  with  Norit  ROW  0.8S  with  an  empty  bed 
contact  time  of  15-30  minutes.  U.V. -disinfection  is  applied  with  a  Beluva 
KD-100/4-type  disinfector,  with  a  fixed  u. v. -dose  of  at  least  20  mWs/cm2. 
The  apparatus  is  equipped  with  four  high  pressure  burners  in  quartz  tubes. 
Each  burner  has  his  own  u. v. -monitor .  Depending  on  water  flow  and  water 
quality  the  u. v. -dosage  is  produced  by  one  or  more  burners.  The  highest 
u.v. -dosage  is  30  mWs/cm2,  the  lowest  dosage  is  20  mWs/cm2.  Each 
u.v. -burner/quartz  tube  is  equipped  with  a  wiper.  The  results  for  the 
period  1983/1984  are  presented  in  figure  1  a  and  b  for  plate  counts  PCA 
22°C  and  in  figure  2  for  special  plate  counts  LLA  1.0  (10). 
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Figure  lb  Plate  count  PCA  (22°C)  in  GAC-filtrate  before  and  after 
u. v . -disinfection 
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Figure  2   Special  plate  count  (LLA  1.0)  in  rapid  filtrate  and  in 
GAC-filtrate  before  and  after  u.v . -disinfection 
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The  standard  plate  count  PCA  22°C  in  rapid  filtrate  is  always  lower  than 
100/ml.  Id  the  GAC-filtrate  the  first  15  weeks  of  the  filter  run  the 
colony  count  is  higher  than  100/ml.  U.V. -disinfection  gives  a  reduction  to 
an  average  colony  count  of  about  10/ml. 

The  effect  of  u. v. -disinfection  is  once  more  illustrated  with  the  effect 
on  the  plate  count  LLA  1.0.  A  fixed  u. v. -dose  of  about  20-30  m'Ws/cm2  gives 
a  reduction  with  a  factor  of  10-15.  From  the  figures  it  can  be  seen  that 
the  results  achieved  are  very  satisfactory.  Always  the  colony  count  is 
lower  than  the  drinking  water  standard  (100/ml). 

Two  potential  hazardous  effects  of  u. v. -disinfection  are  the  production  of 
biodegradable  compounds  and  the  formation  of  mutagenic  activity.  Both 
phenomena  have  been  studied.  Production  of  biodegradable  compounds  has 
been  characterized  with  the  help  of  the  AOC  (assimilable  organic  carbon) 
determination  (11).  The  results  are  presented  in  Table  4. 

Table  4  AOC-content  (|jg  AcC/1)  in  rapid  filtrate  and  GAC-filtrate  before 
and  after  u. v. -disinfection 


Filter  run 
(weeks) 


rapid  filtrate 


AOC  (Ml  Ac  C/l) 


GAC-filtrate 


after  u.v. 


3 
9 
15 
21 
27 
36 
48 
60 
72 


4,5 
3,2 
6,9 
2,7 
3,6 
4,7 
5,0 
5,3 
1,7 


2,0 
2,0 
4,4 
1,7 
1,6 
3,7 
3,6 
4,3 
3,8 


2,8 
2,2 
7,0 
1,9 
1,6 
4,5 
3,9 
4,4 
5,2 


From  the  Table  it  can  be  seen  that  the  AOC-content  of  the  GAC-filtrate 
gradually  rises  from  2  to  4  ug  Ac  C/l.  The  AOC-content  after  u.v. -disin- 
fection is  of  the  same  magnitude  or  only  slightly  higher.  These  contents 
do  not  give  any  rise  to  regrowth. 


Finally  the  mutagenicity  in  the  Amestest  has  been  determined.  During  the 
whole  period  no  mutagenicity  was  found  before  and  after  u.v. -disinfection, 
so  under  these  conditions  u.v. -disinfection  does  not  induce  mutagenicity. 
A  calculation  has  been  made  for  the  costs  of  u.v. -disinfection  under  these 
circumstances . 

The  investment  in  1983  amounted  to  f 1 .  74,800. —  including 
electrotechnical  and  mechanical  adaptations  of  the  waterworks.  For  a 
depreciation  in  15  years  and  for  an  interest  of  10  %   this  amounts  to 
annual  fixed  costs  of  f 1 .  8,727.--.  The  variable  costs  concern  mainly  the 
replacement  of  u.v. -burners  (.fl.  1,632/year).  Costs  for  quartz  tubes  and 
maintenance  can  be  neglected.  The  annual  energy  consumption  (1983/1984)  is 
36,000  kWh  amounting  to  f 1 .  10,612.--. 
This  brings  the  total  annual  costs  of  the  u.v . -disinfection  for  1983/1984 
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up  to  f 1 .  19,339.--  for  a  total  water  production  of  811,000  mJ  (46  %  of  the 
resign  capacity  of  the  u . v  .  -disinfector j .  So  u. v  .  -disinfection  of  1  m3  of 
water  costs  fl.  0.024.  The  cost  aspects  are  summarized  m  Table  5. 

Table  5   Costs  of  u .v. -disinfection  at  Hardinxveld  (1983/1984) 


Cost/year      Cost/a3  water 


Depriciatioa  fl.   8,727     fl.  0.011 

Maintenance  fl.   1,632     f 1 .  0.002 

Energy  consumption  fl.   8,990     f 1 .  0.011 


Total  costs  fl.  19,339     f 1 .  0.024 


U.V. -DISINFECTION  OF  SURFACE  WATER 

The  water  to  be  treated  at  Zevenbergen  is  surface  water  of  the  river  Meuse 
after  storage  in  the  Biesbosch.  About  300  m3/h  is  treated  according  to  the 
following  purification  system: 

Transport  chlorination   „    ,   .     _.,  _ 

/•   -  ..  *  Coagulation  ■»  Flotation  ■>  Breakpoint  chlorination  * 

\ in  summery  * 

Dual  media     GAC-         „    .  , 

-.,„   „     ■*   ......   to.    *  Postchlorination 

filtration     filtration 

Chlorination  and  especially  post  chlorination  cause  a  high  mutagenicity, 
high  contents  of  adsorbable  organohalogens  and  postchlorination  of  ex- 
tensively treated  water  causes  a  shift  to  the  production  of  brominated  THM 
(6,  7,  12).  Therefore  alternatives  for  chlorination  have  been  investi- 
gated. 

In  this  paper  we  will  only  discuss  the  suitability  of  slow  sand  filtration 
and  u.v. -disinfection  as  alternatives  for  postchlorination  under  main- 
tenance of  transport  chlorination  (in  summer)  and  breakpoint  chiorina- 
tions.  Additional  results  without  a  preceeding  chlorination  will  be  pu- 
blished elsewhere. 

Slow  sand  filtration  has  been  applied  with  a  linear  velocity  of  0.5  m/h. 
U.V. -disinfection  has  been  carried  out  with  a  Beluva  Dl-type  disinfector. 
The  apparatus  is  equipped  with  one  low  pressure  burner  in  a  quartz  tube. 
The  apparatus  has  a  monitor  for  a  relative  measurement  of  the  u.v. -dosage. 
The  manufacturer  claims  a  maximum  capacity  of  1,6  m3/h  for  an  initial 
u.v. -dose  of  40-45  mWs/cm2  with  an  u.v. -transmission  of  the  water  of 
100  %.  The  experiments  were  carried  out  with  3,5  m3/h  for  the  first  50 
weeks  and  with  6,0  m3/h  the  final  25  weeks  corresponding  with  an  initial 
dose  of  20,6  mWs/cm2  and  12,0  mWs/cm2  respectively  for  water  without 
u.v. -absorbing  compounds. 

The  effects  of  chlorination,  u.v. -disinfection  and  slow  sand  filtration  are 
illustrated  in  figure  3  for  the  logarithmic  reduction  of  plate  counts 
LLA  1.0  (10). 
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Figure  3  Logarithmic  reduction  of  plate  counts  LLA  1.0  by  chlonnation, 
u.v. -disinfection  and  slow  sand  filtration 

From  figure  3  it  can  be  seen  that  slow  sand  filtration  gives  by  far  the 
worst  results.  Best  results  are  obtained  by  chlorination,  closely  followed 
by  u.v. -disinfection. 

From  these  results  it  may  be  concluded  that  u.v. -disinfection  provides  a 
good  alternative  for  post-disinfection.  For  that  reason  we  will  focus  on 
this  alternative.  The  plate  counts  PCA  22°C  before  and  after  u.v. -dis- 
infection together  with  the  logarithmic  reduction  are  presented  in 
figure  4a  and  b,  the  plate  counts  LLA  1.0  before  and  after  u.v. -dis- 
infection together  with  the  logarithmic  reduction  in  figure  5a  and  b. 
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Figure  4a  Plate  counts  PCA  22°C  before  and  after  u. v. -disinfection 
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Tigure  4b     Log   reduction  of  piste   counts   PCA  22°C  by  u. v. -disinfection 
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Figure  5a  Plate  counts  LLA  1.0  before  and  after  u. v. -disinfection 
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Figure  5b  Log  reduction  of  plate  counts  LLA  1.0  by  u. v. -disinfection 

For  both  plate  counts  a  good  reduction  is  achieved  by  u.  v. -disinfection. 
There  is  no  significant  change  in  the  removal  after  50  weeks  when  the 
throughput  was  raised  from  3,5  m3/h  to  6.0  m3/h.  This  is  illustrated  once 
more  in  Table  6. 
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Table  6   Log  removal  of  plate  counts  PCA  22°C  and  plate  counts  LLA  1  . 0 


Per         Log  removal  PCA  22°C       Log  removal  LLA  1 . 0 
week  nr.     min.     max.      avg.      mm.     max.     avg. 


<50        -3,3     4,5      1,5      1.1      3,1      2,2 
>50        -0,8     3,3      1,4      1,3      2,0      1,8 


To  characterize  the  side  effects  of  the  disinfection  steps  AOC-determina- 
tions  and  Amestestmg  have  been  carried  out.  AOC-contents  of  the  GAC- 
filtrate  are  low.  Chlorination  causes  a  rise  of  the  AOC-content,  u.v.- 
disinfection  does  not  influence  the  AOC-content. 

Marked  differences  have  been  found  for  the  mutagenicity  in  the  Amestest. 
As  expected  chlorination  gives  a  significant  rise  in  the  mutagenicity.  U.V. 
disinfection  shows  no  effect  on  this  parameter. 

A  rougn  calculation  has  been  made  for  the  cost  of  u. v. -disinfection  under 
these  conditions  (see  Table  7). 

Table  7   Costs  of  u. v. -disinfection  at  Zevenbergen  at  pilot  plant  scale 
(1984) 


Cost/year      Cost  m3  water 


0  =  3,5  l3/h   0  =  6  m3/h 


Depreciation  fl.  422.50  fl.  0.014  fl.  0.008 

Maintenance  fl.  310.—  fl.  0.010  f  1 .  0.006 

Energy  consumption  fl.  62.43  fl.  0.002  fl.  0.001 

Total  costs  fl.  794.93  f  1 .  0.026  f 1 .  0.015 


It  must  be  emphasized  that  these  costs  cannot  be  compared  directly  to  the 
costs  of  the  full  scale  installations. 


EVALUATION  AND  DISCUSSION 

In  this  paper  three  case  studies  about  u. v.  -disinfection  of  different 
water  types  have  been  presented.  From  these  case  studies  the  following 
conclusions  can  be  drawn: 

-  U.V. -disinfection  can  be  used  for  the  kill  of  E.coli  in  ground  water. 
The  process  proves  to  be  effective  at  a  minimum  u. v. -dose  of  about 

24  mWs/cm2.  The  costs  of  the  process  amounts  to  fl.  0.017/m3  of  water. 

-  U.V. -disinfection  is  suitable  for  the  reduction  of  colony  counts  in 
GAC-filtered  bank  filtered  water.  At  an  u. v. -dosage  of  20-30  mWs/cm2 
plate  counts  PCA  22°C  are  never  higher  than  100  ml.  Presumably  the 
•j. v. -dose  needed  for  disinfection  can  be  even  lower,  especially  for 
periods  when  the  carbon  life  is  relatively  long. 
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U.V.  -disinfection  with  doses  of  20-30  mWs/cm2  does  not  produce  mutagenic 
compounds  and  does  not  give  rise  to  regrowth.  The  costs  of  the  process 
are  fl .  0.024/m3  water. 

-  U.V. -disinfection  is  a  good  alternative  for  post  chlorination  of 
extensively  treated  surface  water.  For  initial  u. v. -dosage  of  12  and 
20  mWs/cm2  good  reductions  for  plate  counts  PCA  22°C  are  achieved. 

Once  again  u. v. -disinfection  does  not  cause  regrowth  and  does  not  induce 
mutagenic  activity.  Based  on  pilot  plant  calculations  the  costs  vary 
between  f 1 .  0.015  and  f  1 .  0.026/m3  water. 

-  The  apparatus  for  u. v. -disinfection  can  be  handled  very  easily.  The  major 
drawback  at  this  moment  is  the  monitoring  of  the  u. v. -dosage.  Ho  absolute 
measurements  are  provided  by  the  manufacturer  at  this  moment,  while  the 
relative  measurement  must  be  checked  regularly  for  malfunctioning. 

From  the  preceeding  it  may  be  clear  that  u. v. -disinfection  is  a  very 
useful  technique  for  disinfection  of  all  types  of  drinking  water  under  the 
following  restrictions: 

-  The  water  must  have  a  low  concentration  of  biodegradable  compounds,  so 
regrowth  will  not  occur. 

-  The  distribution  mains  does  not  need  any  protection  of  an  disinfectant. 

-  The  u.v. -absorbtion  of  the  water  must  not  be  extremely  high  (costs). 
When  these  requirements  are  met  u.v. -disinfection  can  be  used  with  good 
results  at  relatively  low  costs. 

More  information  is  needed  about  the  effective  u.v. -dosage  and  especially 
about  the  monitoring  of  this  u.v. -dosage. 
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Code  #  Project  Title  Page  # 

Water  Treatment  for  Combined  Humics  SC-1 

Removal  and  Corrosion  Control 

Water  Treatment  for  Corrosion  Control        SC-3 
Using  Calcium  Carbonate  Slurry  and 
Carbon  Dioxide 

Humic  Substance  Removal  by  Direct  SC-5 

Filtration 

Rapid  Detection  of  Coliform  and  SC-7 

Heterotrophic  Bacteria  Using 
Fluorogenic  Substrates 

SC-05    (Norway)     An  Interactive,  Graphic  Information  SC-9 

System  to  Handle  All  Information  on 
Water  and  Sewage  Distribution  Systems 
(LEKA) 

SC-06    (Sweden)     Underground  Denitrif ication  NITREDOX         SC-11 


SC-01 

(Norway) 

SC-02 

(Norway) 

SC-03 

(Norway) 

SC-04 

(Norway) 

EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  * SC-Q1 

PROJECT  DESCRIPTION 


Project  Titie: 
Water  Treatment  for  Combined  Humics  Removal  and  Corrosion  Control 


Contact  (name  or  person,  organization,  address,  telepnone; 
Bjarnar  Eikebrokk 


Project  Description  (Piease  attach  a  schematic  diagram  it  appropriate; 

Fine  graded  calcium  carbonate  (98%^ 2  urn)  in  a  stable  slurry  form 
(75%  solids)  is  used  for  corrosion  control.  The  dissolution  rate  of 
calcium  depends  primarily  on  particle  size  and  pH.  By  removing  humis 
at  low  pH  (adsorption/charge  neutralization)  in  the  first  filter  in  a 
two-filter-inseries-system,  the  conditoins  are  excellent  for  CaC03~ 
addition  to  the  second  filter,  undissolved  CaC03-particles  are 
retained  in  the  filter  until  dissolution  or  backwash.  In  this  way  the 
water  quality  standards  for  corrosion  control  (Ca,  Alk.)  are  full- 
filled  without  using  CQ2  at  all.  Residual  alum  from  the  coagulation 
of  humics  is  also  removed  in  the  second  filter. 


SC-1 


Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 
Yet  not  available. 


Place(s)  of  installation/application  (including  dates) 


Pilot  scale. 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #: — SC-Q2 

PROJECT  DESCRIPTION 


Project  iitle: 

Water  Treatment  for  Corrosion  Control  Using  Calcium  Carbonate  Slurry 
and  Carbon  Dioxide. 


Contact  (name  of  person,  organization,  address,  telephone) 
Bjcrnar  Eikebrokk,  NORWAY 


Project  Description  (Please  attach  a  schematic  diagram  if  appropn ate ) : 

Calcium  carbonate  slurry  and  carbon  dioxide  gas  is  added  to  the  water 
before  the  water  is  filtered  through  an  anthracite  sand  dual  media  filter. 
Only  a  small  flow  {<10%)  is  treated  this  way.  By  using  high  CaC03  and 
CO2  doses,  the  turbidity-free  filter  effluent  is  mixed  into  the  total 
water  flow  to  meet  corrosion  control  water  quality  standards. 


SC- 


Operating  and  cost  data  (including  aata  on  efficiency,  results,  etc.) 

Investment  costs  are   estimated  to  US  S  C.017  per  m3  water  treated. 
Chemical  costs  are  estimated  to  US  $  0.023  per  m3  water  treated.  The 
figures  are  valid  for  a  treatment  plant  capacity  of  70-80  m3  per  hour. 


Place(s)  of  installation/application  (including  dates): 
Pilot/full-scale. 


Patent  staus,  if  applicable: 


Other  information  {e.g.,  funding  source,  cooperating  agencies,  etc.): 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER   SUPPLY  TECHNOLOGY  AWWARF  Code  *:       SC-Q5 

PROJECT  DESCRIPTION 


Project    ntie: 
Humic  Substance  Removal   by  Direct  Filtration 


Contact   (name  of  person,   organization,   address,   telephone): 
Bjornar  Eikebrokk,  NORWAY 


Project  Description   (Please  attach  a  schematic  diagram  if  appropriate): 

Direct  filtration  for  humic s  removal    has  been  tested  for  a  period  of 
several   years,   both   in   lab-scale,    pilot-scale  and  full-scale  treatment 
plants.   The  process   is  well    suited  for  raw  waters   high   in  colour 
(40-50  mg  Pt/1).   but   low  in  turbidity   (<1   NTU). 


SC-5 


Operating  and  cost  aata  (including  aata  on  ef-'ici  ency,  results,  etc 

Investment  costs  (1987)  are  US  *  219,000  and  US  S  625,000  for  plants 
with  capacities  of  25  and  250  nr/h,  respectively.  The  corresponding 
total  costs  are  estimated  to  be  US  $  0.18  and  US  $  0.06  per  m3  water 
treated. 


Pi  ace(  s)  of  instal lation/app:  ication~(~in~cTuduig"~dates} 


Full-scale  operation 


Patent  staus,  if  applicable: 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  4:   SC-04 


Project  Titie 


Rapid  detection  of  coliform  and  heterotrophic  bacteria  using  fluorogenic 
substrates. 


Contact  i.  name  of  person,  organization,  address, 

telephone)  : 

James  D.  3erg  and  Liv  Fiksdal 

Aquateam  -  Norwegian  Water  Technology  Centre 

P.O.  Box  6593  Rodelskka 

0501  OSLD  5 

47-2-371300 

I 
1 


Project  Description  (Please  attach  a  schematic  diagram  if  appropn ate) : 

Three  fluorogenic  methyl  umbel  1  if erone  (MU)  substrates  were  evaluated 
for  rapid  detection  of  total  and  fecal  coliform  bacteria  (TC  and  FC}' 
in  drinking  water.  4-MU-B-D-galactoside,  MU-heptanoate  and  MU- 
glucuronide  were  used  to  determine  enzyme  activity  as  a  surrogate 
measure  of  coliform  concentration.  Coliforms  occuring  in  river  water  and 
in  potable  water  artificially  contaminated  with  raw  sewage  were  tested. 
The  initial  rate  of  hydrolysis  (  F)  of  MU-B-D-galactoside  shows 
promise  as  an  indicator  of  TC  and  FC  within  15  min.  F  of  MU-gluco- 
ronide  was  insufficient  in  the  15  min  assay  and  combinations  of  the 
MU-substrates  did  not  enhance  F.  A  direct  membrane  filter  method 
incorporating  MU-B-D-galactoside  into  an  agar  medium  allowed  the 
detection  of  as  few  as  1  FC/100  ml  within  6  h. 
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Operating  ana  cost  data  (including  data  on  efficiency,  results,  etc.): 

The  results  suggest  that  coliforms  in  the  range  of  60-100  CFU/100  ml 

can  be  detected  by  fluorometry  within  15  min  with  the  same  precision 

attainable  by  MPN  procedures.  The  method  utilizes  relatively  inexpensive 

equipment,  a  water  bath  and  a  fl urometer,  and  can  be  automated.  The 

direct  MU  6h  MF  method  permits  counting  as  few  as  1  FC/100  ml  in 

6  hours  and  requires  only  a  hand-held  long  wave  UV  lamp  to  visualize 

colonies. 


Place(s)  of  installation/application  (including  cates) 


Field  and  lab  tested  in  Trondheim,  Norway. 


Patent  staus,  if  applicable: 


U.S.  Patent  pending  {Nov.  1987! 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

Royal  Norwegian  Council  for  Scientific  and  Industrial  Research  (NTNF) 
The  World  Bank  McNamara  Fellowship  Program. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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INTRODUCTION 

Conventional  microbiological  analyses  of  drinking  water  for  coliform 
bacteria  require  24  to  72  hours  to  complete.  The  elapsed  time  is  too  great 
to  provide  useful  information  about  a  decrease  in  quality  that  may  require 
immediate  remedial  measures.  Hence,  the  first  reason  for  the  development  of 
a  rapid  method  is  to  protect  the  public  health,  especially  in  cases  where 
contaminated  sources  or  interrupted  treatment  can  occur.  It  has  been 
reported  that  of  the  38  waterborne  disease  outbreaks  or  10  000  ilnesses  per 
year  in  the  USA,  80  per  cent  were  attributable  to  water  system  deficiencies. 
Furthermore,  rapid  methods  have  the  potential  to  be  less  costly  than  conven- 
tional by  reducing  labor  costs,  especially  if  they  can  be  automated.  Lastly, 
rapid  methods  could  be  used  for  monitoring  and  controlling  treatment  proces- 
ses such  as  disinfection  or  sand  filtration. 

The  objective  of  the  present  study  was  to  evaluate  the  use  of  the  enzymic 
hydrolysis  of  fluorogenic  substrates  as  rapid  methods  for  detecting  fecal 
contamination  of  water.  Guidelines  for  the  research  were  to:  1)  improve  upon 
the  time  and/or  sensitivity  limits  given  for  the  rapid  methods  reported  in 
Part  919,  Standard  Methods  (APHA,  1985);  2)  use  common  and  relatively  in- 
expensive instruments  and  reagents;  3)  develop  procedures  that  ultimately 
can  be  automated. 

RESEARCH  APPROACH 

During  the  past  two  years  several  rapid  methods  have^been  investigated  at 
the  Norwegian  Institute  of  Technology  (NTH).  Two  methods  have  been  developed 
which  determine  bacterial  concentrations  by  measuring  the  activity  of  a 
particular  group  of  enzymes.  A  so-called  fluorogenic  substrate  (non-fluore- 
scent) is  mixed  with  a  water  sample.  Metabolically  active  bacateria  that 
have  the  appropriate  enzymes  can  hydrolyze  the  substrate  yielding  a  fluore- 
scent product  (Fig.  1)  The  rate  of  product  formation  (  AF),  for  some  groups 
of  aerobic  heterotrophs,  can  be  measured  accurately  within  20  min.  As  shown 
in  Fig.  2,  an  fluorescent  umbel liferone  derivative  is  produced  by  the  B-D- 
galactosidase  enzymes  in  coliform  group  bacteria  at  a  constant  rate.  The 
methods  have  been  filed  with  the  U.S.  Patent  Office. 


RESULTS 

The  rate  of  hydrolysis  (AF)  can  be  compared  with  bacterial  counts  by  con- 
ventional methods  requiring  24  h  to  complete  (Fig.  3).  In  this  manner  a 
simple  and  inexpensive  method  yields  the  same  information  in  20  min  instead 
of  24  hours  (8).  A  similar  method  has  been  developed  for  determining  non- 
specific neurotrophic  activity  in  water  as  well,  using  the  lipase-esterase 
group  of  enzymes  to  hydrolyze  4-methyl umbel  1  if erone  heptanoate  (Fig.  4). 

The  aforementioned  surrogate  measurement  of  the  presence  of  coliforms  is 
promising,  but  presently  lacks  the  sensitivity  required  for  monitoring 
drinking  water.  Therefore  a  second,  direct  counting  method  was  developed  in 
which  fluorescing  microcolonies  are  detected.  The  method  requires  <  6h  to 
detect  1  CF'U  of  total  or  fecal  coliforms  per  100  ml. 

SUMMARY 

1.  HPC  in  drinking  water  can  be  determined  indirectly  by  monitoring  AF  of 
4-MU-heptanoate  f 1 uorometrical ly.  A  detection  limit  of  ca.  100-500 
HPC/ml  is  achievable  within  20  min. 

2.  Colifcnr,  bacteria  (FC  or  TC)  can  be  detected  indirectly  by  monitoring 

AF  of  4-MU-B-D-galactoside  f luorometrically.  A  detection  limit  of  ca. 
60-10C  TC/100  ml  is  achievable  within  20  min. 

3.  Direct  detection  of  FC  using  an  MF  method  allows  detection  of  1  FC/100 
ml  in  6  hours. 
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EMERGING  WATER   SUPPLY  TECHNOLOGY  AWWARF  Code  #:       SC-Q5 

PROJECT  DESCRIPTION 


Project   Title: 

An   interactive,   graphic   information  system  to  handle  all    information  on 
water  and  sewage  distribution   systems   (lEKA). 


Contact 

( name 

of 

person 

,  organization 

,  add 

ress,  telephone) 

Bstlandskonsult 

A/S 

,  P.O. 

Box  123 

N-1601  FREDRIKSTAD, 

Norwav 

Phone 

s  nr.:  47  09  314000 

Telefax  no. :  47 

09 

315579 

Roy  h 

amre  Jakobsen, 

Geir 

Bakke  Nielsen, 

Hans 

E.  Magnussen 

Project  Description   (Please  attach  a  schematic  diagram  if  appropriate! 

General . 

LEKA  is  an  interactiv,  graphic  information  system,  specially  designee  to  handle 

information  about  piped  water  and  sewage  distribution  systems. 

System  functions. 

Digitizing  of  maps.  Communication  with  several  land  surveying  packeges.  Inter- 
activ  graphical  and  alphanunerical  input.  Batch  Input.  Interactive 
construction  of  manholes  and  chambers.  Registration  of  events  and  production  of 
reports/  statistics.  Production  of  saps.  Production  of  drawings  of  manholes 
and  chambers.  Production  of  userspecified  alphanunerical  reports. 
Summing  up,  LEKA  is  a  very  usefull  tool  for  complete  management  of  water  distri- 
bution systems. 

Graphical . 

LEKA  is  map  and  scale  independent,  data  for  the  entire  network  are  stored  in  one 

database  in  1:1.  Graphical  data  are  stored  with  an  accuracy  of  14  digits. 

The  system  is  completely  menu  driven  [menu  on  tablet).  Fast  and  flexible  zooming 

is  handled  by  the  workstation. 

Cat  a  management . 

The  datastructure  is  handled  by  the  network  database  VBA5100.  The  database 
handles  the  topology  of  the  piped  system  in  such  a  way  that  the  pipes,  pumps, 
valves  etc,  which  are  physically  interconnected,  are  logically  Interconnected  in 
the  database.  Graphical  and  aiphanumencal  data  are  stored  in  the  database 
related  to  one  physical  object  in  the  piped  system. 

User  friendlmes. 

LEKA  is  menu  driven  and  self  explamatory .   The  system  is  very  easy  to  use  and 

requires  a  minimum  of  training  before  it  can  be  fully  operated. 

Data  retrieval. 

LEKA's  flexible  report  generator  produces  user  specified  reports  from  the 

database.   Maps  can  be  generated  scale  independent  and  with  specified  content. 

The  system  has  an  integrated  module  for  interactiv  construction  cf  manholes  and 

chambers.  This  module  includes  an  extensive  library  of  pipe  parts.   Events  on 

the  piped  system  can  be  logged  and  reported  graphically  as  well  as  alphanuneri- 

caily. 
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Operating  zr.c   cost  data  {including  aata  on  efficiency,  results,  etc.): 

The  program  is  written  in  standard  FORTRAN  77  and  uses  a  specially  de- 
signed network  databased  called  VBASIOO  for  handling  of  both  graphical  and 
alphanumerical  data.  The  database  is  designed  to  serve  a  multiuser  environ 
ment. 

LEKA  is  developed  on  a  Prime  computer,  but  is  converted  to  run  on  ND-500 
and  ND-5000  computers,  and  uses  Tektronix  4111/4207  (or  similar)  with 
tablet  as  graphic  workstations.  For  pure  alphanumerical  input/output  a 
standard  alphanumerical  terminal  can  be  used.  Batch  input  is  now  done 
using  a  special  LEKA-format,  this  format  can,  however,  easily  be  changed. 
Drivers  for  a  number  of  plotters  and  digitizers  are  available. 


LEKA  has  a  modular  structure,  and  is  prized  from  NOK  100,000,' 
N0K  400,000,-. 


to 
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Place(s)  of  installation/application  (including  dates): 

In  1986  the  first  version  of  LEKA,  for  administration  and  maintenance  of 
electric  cables,  was  installed  at  Fredrikstad  elverk.  Since  then  the 
"electric"  version  and  the  water  and  sewage  version  have  been  installed 
i.a.  at  Haugesund  elverk,  Sandnes  elektrisitetsverk,  the  City  of  Fredrik- 
stad, Levanger  Community,  B«rum  Community  and  Karnwy  Community.  Installa- 
tions in  1988  are  planned  in  the  following  cities;  Haugesund,  Kristiansand 
Narvik,  Notodden,  Sandnes,  Stavanger  and  Trondheim,  and  in  the  counties  of 
Onsay,  Time,  Tune  and  Tysvaer. 


Patent  staus,  if  applicaole: 

Owner  rights  belong  to  the  consulting  engineering  company  0STLANDSKON- 
SULT  A/S. 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

LEKA  has  been  developed  by  the  owner  0STLANDSKONSULT  A.S.  and  is  fur- 
nished by  same.  It  has  been  integrated  with  a  comprehensive  digital  basic 
mapping  system,  PUMATEC,  partly  owned  by  NORSK  DATA. 


If  available  attach  descriptive  publications,  technical  literature, 


manufacturers'  specifications 


patent  descriptions,  etc 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  *:        SC-Q6 

PROJECT  DESCRIPTION 


Project    ntle: 

Underground  Denitn'fi cation  NITREDOX 

Denitri fi  kationsanl age   Brunnenfeld   1   -   Bisamberg 


Contact  (name  of  person,  organization,   address,  telepnone): 
Rudolf  Martinell,   VYRMETODER  AB,   Nusbydalsvagen   13,   18331  Taby,   Schweden 

Dipl.Ing.   Gerhard  Jechlinger,   NOSIWAG  A-2344  Maria  Enzersdorf, 
Sudstadtzentrum  4;   Telefon:    02236-84601-0 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

Full    text  of  the  description   is  attached  together  with  diagrams  of 
installation   and   description  of  the  experience  at   the   first  time  of 
performance. 

Short  description:     . 

The   installation  consists  of  two   rings  of  recharge  wells   surrounding 
one  extraction  well    in  the  centre.     The  outer  ring  serves   for  injection 
of  water  containing  a  dosage  of  alcohol   to   produce  reduced   conditions 
for  denitri fi cation  in  that  groundwater  area   between  the  outer  and 
inner  ring  of  recharge  wells.     The  inner  ring  of  wells  is  used   for 
the   recharge  of  extracted  water  saturated  with  oxygen.     So  in  the   inner 
area  towards  the  extraction  well   the  groundwater  can   be  post-treated 
under  oxydising  conditions   so  that  the  extracted  water  still    contains 
enough  oxygen  to   go  directly  into  the  distribution  system. 
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Operating  and  cost  data   [including" data  on  efficiency,   results,   etc.) 
do  not  yet  exist 


Place(s)   of  installation/appl  ication  "("including  dates): 

NQSIWAG,   Pumping  Station  in  Bisamberg  is  at  the  moment  the  only 
place  of  installation. 


Patent  staus,   if  applicable:   Patent  in  Sweden  8  400  190-8,   Patent   for 
Europe  0   154  105,   for  Austria,   Switzerland,   FRG,   Netherlands, 
Liechtenstein,   France,   Belgium,   GB,   Italy,   PCT  Applies  SE  84/00432, 
Australia,   Finland,  Japan,   Hungary,   USA.     National   Applications: 
Canada  470  331,   Jugoslavia   P-2142/84,   Spain  53   95   81    and  others. 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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Project  -  Description 

1.  Description  of  the  underground  denitrif ication  systems  of 
the  BISAMBERG  Pumping  Station 

The  denitrif ication  became  necessary  because  of  the  in- 
creasing contamination  of  the  well  water  with  nitrate.  Fig,  1 
shows  the  mean  concentration  during  the  years  and  the  trend 
of  the  concentration.  The  responsible  engineers  decided  to  do 
something  in  time  before  the  nitrate  content  might  reach  the 
threshold  value  of  the  ONORM  M6250  (1986)  of  100  mg/1  nitrate 
or  better  keep  it  below  its  recommended  guideline  of  50  mg/1 
which  is  corresponding  to  the  EC  (1980)  threshold  value  or 
the  WHO  guideline  for  drinking  water  (1984)  . 

The  NOSIWAG  -  engineers  had  already  successful  experiences 
with  underground  treatment  of  drinking  water  to  eliminate 
iron  and  manganese  accordinq  to  the  VIREDOX-system  in  the 
pumpinq  station  at  DROWSING.  There  the  treatment  is  working 
already  since  1982,  delivering  30  -  60  1/s  (108  m3/n)  of 
treated  water  at  low  costs  of  about  0,60  AS/m3  (JECHLINGER  et 
al.  1984,  1986)  . 

So  the  VYRMETODER  from  SWEDEN  offered  a  new  system  of 
reduction  and  oxidation  for  the  underground  treatment  of  the 
water  before  extraction  from  the  well,  and  the  first  pilot 
system  in  technical  size  was  installed  at  well  1  in  BISAMBERG 
in  1987. 

For  the  pumping  station  of  BISAMBERG  the  NOSIWAG  has  permis- 
sion to  pump  nearly  23  000  m3/d,  and  its  delivery  is  about  18 
000  m3/d  in  summer  and  8  000  m3/d  in  winter  out  of  the  four 
wells . 

So  the  extraction  from  well  1  is  about  8  000  to  4  500  m3/d 
and  up  to  65  1/s  (240  m3/h) .  . 
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Fig.  2  shows  the  plan  of  the  BISAMBERG  pumping  station  with 
the  four  weiis  close  to  each  other.  It  seems  quite  strange 
that  the  nitrate  content  in  the  water  from  the  wells  is 
rather  differing  as  can  be  seen  from  fig.  3.  It  shows  that  in 
1981  well  1  had  reached  78  mg/l  nitrate.  That  is  above  the 
limit  of  70  mg/l  for  newly  installed  pumping  stations  ac- 
cording to  the  decree  of  the  Minister  of  Health  in  1984. 


The  data  collected  from  the  inspection  wells  are  regulating 
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Because  of  the  good  results  with  the  underground  oxidation       ■ 
system  in  DROSING  the  NOSIWAG  decided  tc  try  the  offered 
underground  denitrif ication  System  of  Nitredox  of  the  Swedish 
firm  VYRMETODER  instead  of  other  biological  denitrif ication 
systems. 
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The  system  can  be  seen  in  fig.  4  which  shows  the  supply  well  U 
in  the  center  and  two  circles  of  treatment  bore  holes  1 
injection.  In  each  of  these  bore  hples  a  small  pump  is  M 
installed.  The  outer  ring  of  bore  holes  serves  for  injection  £ 
of  reducing  organic  substances.  In  BISAMBERG  at  the  moment 
ethylated  spirit  is  in  use,  in  the  inner  rina  water  saturated 
with  oxygen  is  injected.  The  area  between  the  two  circles  is 
working  as  a  reduction  zone.  The  nitrate  is  reduced  by 
heterotrophic  bacteria  and  nitrate  as  well.  The  inner  zone 
between  the  inner  circle  of  bore  holes  and  the  supply  well  is 
working  as  oxidising  reactor.  Because  of  anisotrophy  and 
inhomogenity  in  the  aquifer  the  in  situ  process  has  to  be 
controlled  individually  in  each  sector  around  the  supply 
well.  The  redox  potential  is  observed  in  special  inspection 
wells  situated  outside  the  outer  reduction  circle  between  the 
two  rings,  that  is  in  the  reduced  area  and  also  in  the  inner 
oxidised  area  between  the  inner  ring  and  the  supply  well.  The 
redox  electrodes  allow  a  fully  automatic  guidance  of  the 
system.  Fig.  5  gives  an  impression  of  this  system. 
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the  dosage  of  the  alcohol  in  the  outer  part  of  the  system  to 
the  cuter  injection  wells  which  are  supplied,  with  water  from 
the  two  adjoining  injection  wells  nearby. 

This  extraction  of  water  and  the  injection  of  water  with  a 
dosage  of  alcohol  is  done  alternatively  in  the  wells  in 
sectors  of  the  outer  ring  system. 

In  the  same  way  the  oxidised  area  is  controlled  by  the  redox 
electrodes  in  the  bore  holes  of  the  inner  oxidising  area. 
There  aqain  water  is  extracted  from  two  the  injection  wells, 
saturated  with  air  in  an  oxygenator  under  pressure.  The 
surplus  oxygen  and  other  gases  -  mainly  nitrogen  -  is  degased 
from  the  water  in  the  aeration  tank.  The  degased  water  is 
injected  into  an  injection  well  between  the  extraction  wells. 
This  is  also  done  in  changing  sectors  of  the  inner  ring.  So 
the  oxidised  area  is  built  ud  around  the  supply  well,  and 
only  water  with  reduced  nitrate,  and  sufficient  oxygen  content 
should  get  extracted  from  this  well. 

2.  Experiences  with  a  pilot  installation 

In  BISAMBERG  there  are  just  first  experiences  with  this 
denitrif ication  system.  It  was  started  in  June  1987.  Figure  6 
shows  that  the  nitrate  content  in  the  supply  well  and  also  in 
the  observation  wells  came  down  to  very  low  values  especially 
taking  into  account  that  the  nitrate  concentration  in  the 
observation  well  which  is  not  influenced  by  the  treatment 
system  is  going  up  in  the  same  time.  The  dosage  of  alcohol 
was  at  that  time  about  ej/1  injected  water.  Well  1  was 
deliverina  its  water  already  into  the  supply  system  at  that 
time  when  there  were  complaints  arising  because  of  bad  taste 
of  the  water.  The  water  tested  muddy.  The  biologist  found 
some  bacteria  of  very  small  size  which  were  already  discerned 
in  biological  deironing  systems.  They  were  very  difficult  to 
perceive  and  were  called  pin  points. 
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was  the  cause  of  the  troubles. 

The  TOC  for  the  estimation  of  organic  matter  did  not  show  any 
significant  change,  and  the  bacteriological  control  of  the 
system  according  to  common  standards  did  not  show  an  increase 
of  bacteria. 


The  delivering  of  water  into  the  distribution  system  of  the 
water  supply  was  stopped  when  complaints  about  bad  taste  had 
started.  Now  the  station  is  working  just  us  a  pilot  system 
and  the  water  is  pumped  into  the  canal. 

I  hope  it  will  be  possible  at  the  meeting  to  present  more  ex- 
perience about  optimising  the  treatment  system. 

Apart  from  the  nitrate  problem  in  the  pumping  station  there 
might  arise  other  problems  from  the  increasing  chlorid 
content  as  can  be  seen  from  figure  8. 
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Maybe  because  of  a  too  fast  increase  of  the  dosage  of  alcohol 

an  eutrophication  of  the  whole  system  was  the  result.  Another      I 

reason  could  have  been  that  the  oxidation  was  not  sufficient 

and  that  a  break  through  of  not  sufficiently  oxidised  water      I 

was  the  causp  nf  i-ho  (-vnnki^^  ■ 

I 

1 
I 

When  tne  dosage  of  alcohol  into  the  system  was  stopped,  the 
nitrate  content" in  the  inspection  wells  rose,  as  can  be  seen       I 

from  figure  7. 

I 

.So  the  nitrate  concentration  was  kept  down  in  the  supply  well 
at  about  50  %  of  the  content  in  the  not  influenced  ground       | 
water.  Now  the  dosage  is  increased  slowly  to  find  the  optimum       " 
value  for  the  running  of  the  system. 
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Figures 

Fig.  i  Mean  nitrate  concentrations  of  well  1  of  Bisamberg 
Pumping  Station 

Fig.  2     Plan  of  the  Bisamberg  Pumping  Station  of  NOSIWAG 

Fig.  3  Maximum  and  minimum  nitrate  content  in  the  four 
wells  of  the  Bisamberg  Pumping  Station 

Fig.  4  Plan  of  the  supply  well  Bisamberg  1  with  the  sur- 
rounding extraction  and  injection  bore  holes  in  the 
outer  ring  for  reducing  agents  and  the  inner  ring 
for  the  injection  of  oxygen  saturated  water  for 
providing  the  oxydised  area  around  the  supply  well 

Fig.  5  Section  through  the  area  of  injection  bore  holes, 
observation  bore  holes  and  supply  well 

Fig.  6  Course  of  nitrate  values  after  starting  the 
NITREDOX-System  in  the  different  observation  bore 
holes 

Fig.  7  Nitrate  content  in  the  control  wells  after  inter- 
ruption of  alcohol  dosage  in  October  1987  caused 
by  bacteriological  problems 

Fig.  8  Course  of  chloride  concentration  in  the  water  of 
well  1  at  Bisamberg  pumping  station 
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ABSTRACT 

Nearly  one  fifth  of  all  water  used  in  the  world  is  obtained  from 
groundwater.  The  protection  of  water  has  become  a  high  priority  goal. 
During  the  last  decades  pollution  of  water  has  become  more  and  more 
severe.  Today  groundwater  is  more  and  more  used  in  comparison  with 
surface  water.  Recently  we  have  seen  accidents,  which  can  pollute 
nearly  all  surface  water  very  quickly.  Generally  the  groundwater  is 
easier  to  protect,  as  well  as  cheaper  to  purify,  and  above  all  it  is  of 
better  quality  than  the  surface  water. 

The  traditional  method  to  treat  the  water  in  filter  has  during  the  past 
two  decades  got  alternatives  and  that  is  in  situ  water  treatment  i.e. 
the  VYREDOX  and  NITREDOX  methods. 

The  most  common  problem  regarding  groundwater  is  too  high  content  of 
iron  and  manganese,  which  can  be  reduced  with  the  VYREDOX  method.  In 
some  areas  today  there  are  severe  problems  with  pollution  of 
hydrocarbon  and  nitrate  as  well,  and  with  moderating  of  the  VYREDOX 
treatment  method  it  is  used  for  hydrocarbon  and  nitrate  treatment  as 
well.  The  method  to  reduce  the  nitrate  and  nitrite  is  known  as  the 
NITREDOX  method. 


VYREDOX 

Next  only  to  oxygen,  silicon  and  aluminum,  iron  is  the  fourth  most 
abundant  element  in  the  earth's  crust.  The  crust  consists  of  iron  to 
4,7  per  cent  by  weight.  Expressed  as  oxides,  there  are  3,7  per  cent 
ferrous  oxides  (FeO)  and  3,1  per  cent  ferric  (Fe203)  in  the  crustal 
rocks,  that  is  divalent  and  trivalent  iron  occur  in  approximately  equal 
amounts.  Manganese  is  abundant  in  the  earth's  crust  to  about  0,10  per 
cent  by  weight.  In  ground  water  the  iron  content  usually  exceeds  the 
manganese  content  even  though  manganese  is  much  more  soluble  in  natural 
waters.  The  iron  content  often  exceeds  that  of  manganese  with  a  factor 
ten  or  more. 

Iron  and  manganese  in  the  water  cause  troubles  to  the  user  in  many 
ways.  Therefore  it  is  necessary  to  decrease  a  high  content  of  these 
metals  before  the  water  is  made  use  of. 
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With  a  controlled  water  treatment  in  the  soil  many  of  the  disadvantages 
related  to  a  traditional  waterworks  can  be  avoided.  The  VYREDOX  method 
tries  to  achieve  this  by  adapting  the  natural  processes  of  ground  water 
purification  to  the  environment  of  the  supply  well. 

Iron  occurs  in  two  states  of  oxidation  in  nature,  divalent  (Fe"1-1")  and 
trivalent  (Fe"1-1"1")  .  The  divalent  form  is  likely  to  stay  in  solution  in  a 
natural  ground  water,  whereas  the  trivalent  will  be  precipitated,  for 
instance  as  an  oxide  (Fe203)  or  an  oxihydroxide  (FeOOH) .  The  state  of 
oxidation  is  depending  much  on  the  amount  of  dissolved  oxygen  in  the 
water.  Hence  it  is  normal  that  the  amounts  of  dissolved  iron  and 
manganese  are  low  in  such  aquifers  where  aerated  rain  water  can  seep 
rapidly  into  the  ground  water. 

In  some  areas,  however,  some  layer  in  the  soil  above  the  aquifer  has  a 
low  permeability,  and  the  percolation  of  aerated  water  into  the  aquifer 
may  be  decreased  substantially  or  even  entirely  prohibited.  If  this 
occurs,  the  iron  and  manganese  content  in  the  water  will  rise.  The 
VYREDOX  idea  is  to  compensate  for  the  lack  of  oxygen  in  such  ground 
water,  and  thus  to  turn  the  balance  of  the  chemical  system  in  the 
aquifer  over  to  the  oxidative  side.  Then  the  natural  purifying 
processes  will  be  allowed  to  operate  again,  and  the  water  will  become 
free  of  iron  and  manganese. 

Figure  1  illustrates  how  the  arrangement  of  a  typical  VYREDOX  I  plant 
can  look  like.  The  working  principle  is  quite  simple:  The  wells  are 
treatened  one  at  a  time  as  the  content  of  iron  and  manganese  tends  to 
rise.  The  oxygen  is  simply  taken  from  the  air  and  dissolved  in  the 
'  injection  water.  This  in  turn  originates  from  another  VYREDOX  treated 
well  in  the  aquifer  (or  from  a  water  reservoir) .  To  ensure  a  sufficient 
distribution  of  the  injected,  aerated  water  certain  injection  wells  are 
drilled  around  the  supply  well. 

As  the  oxygen-enriched  water  is  injected  into  the  aquifer  an  oxidized 
zone  is  established  around  the  well.  This  will  stimulate  the  activity 
of  certain  iron  and  manganese  bacteria  which  occur  in  natural  waters. 
These  bacteria  are  of  different  kinds,  and  they  do  not  form  a 
systematic  group.  Normally  the  organisms  belong  to  the  species 
Leptotkrix  (Sphaerotilus  discophorous)  or  Gallionella  ferruginea.  They 
often  occur  together  with  precipitates  of  iron  and  manganese  in  ground 
water  aquifers.  .  , 
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Fig.  1 
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Schematic  outline  of  a  VYEEDOX  waterwork.  The  plant  consists  of  two 
supply  wells.  The  ground  water  is  pumped  directly  out  to  the  mains 
from  the  supply  wells.  If  the  iron  content  begins  to  rise  in  one  of 
the  wells  is  pumped  to  the  oxygenator  from  the  other  supply  well.  Here, 
oxygen  is  entranced  from  the  air,  and  in  the  aeration  tank  excessive 
oxygen  and  other  gases  are  released.  The  oxygen-enriched  water  is  then 
pumped  down  into  the  aquifer  through  the  injection  wells  surrounding 
the  other  supply  well.  This  goes  on  for  about  20  hours. 

Around  a  ground  water  well  that  have  been  treated  with  injected, 
degassed  and  oxygenated  water  an  oxidized  zone  is  built  up.  At  the 
border  of  the  oxygenated  part  of  the  aquifer  a  redox  gradient  is 
established.  The  bacterial  activity  in  this  region  is  stimulated,  and 
an  iron  and  manganese  precipitation  zone  is  developed.  When  the  well  is 
pumped,  the  ground  water  will  be  filtrated  through  this  zone.  This  is 
illustrated  in  figure  2.  As  the  water  reaches  the  well  it  will  be  free 
of  iron  and  nangenese.  If  the  pumping  is  continued,  the  precipitation 
will  take  place  closer  to  the  well.  Finally,  the  iron  and  manganese 
contents  will  begin  to  rise  again.  The  injection  with  oxygenated  water 
is  then  repeated.  As  a  result,  the  moving  redox  gradient  will 
distribute  the  iron  and  manganese  concretions  throughout  the  oxygenated 
zone  around  the  well. 


Fig.  2. 
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With  the  VYREDOX  method  an  iron  and  manganese  precipitation  zone  is 
achieved  around  the  supply  well.  If  the  well  is  pumped,  the  ground 
water  will  pass  through  the  zone,  and  the  iron  and  manganese  will  be 
retained  in  the  soil.  Iron  is  precipitated  before  manganese  because  of 
the  "shape"  of  the  redox-potentiaJL .  Only  water  free  of  iron  and 
manganese  will  enter  the  supply  well. 

To  the  left  in  figure  2  some  redox  potential  values  (Eh)  are  indicated. 
They  are  typical  for  an  aguifer  with  a  pH-value  close  to  7.  Moving 
towards  the  well  with  a  redox  electrode,  a  drastic  increase  of  the 
redox  potential  with  several  hundred  millivolts  will  be  observed  as  the 
precipitation  zone  is  passed. 

The  absolute  value  of  the  redox  potential  in  a  certain  aguifer  depends 
on  many  environment  properties.  In  a  reduced  water  with  a  low  pH  the 
redox  potential  will  show  a  low  value,  perhaps  below  zero.  Such  water 
is  likely  to  contain  large  amounts  of  methan  and  hydrogen  sulphide, 
dissolved  iron  and  manganese.  In  order  to  oxidize  the  metals, 
especially  the  manganese,  a  very  high  value  of  the  redox  potential  is 
reguired.  Thus  the  redox  potential  in  such  cases  has  to  be  greatly 
increased,  maybe  with  a  thousand  millivolt  or  so. 

This  demonstrates  a  limitation  of  the  method:  If  the  pH  of  the  ground 
water  is  very  low,  it  will  be  difficult  to  establish  the  redox 
potential  which  is  reguired  for  a  sufficiant  manganese  oxidation. 
Generally,  it  is  easier  to  remove  the  iron,  and  the  lower  the  pH -value 
is,  the  more  often  the  aguifer  has  to  be  oxygenated. 

The  influence  of  pH  and  the  redox  potential  may  be  illustrated  in  a 
diagramme  with  eguilibra  between  different  oxidation  transitions.  This 
is  done  in  figure  3,  where  the  two  sloping  lines  indicate  eguilibrum 
between  the  transitions  Fe+^/FeCOH)  3  and  Mn"Ht"/Mn02.  If  the  redox 
potential  is  increased  at  a  constant  pH-value  the  dissolved  iron  will 
be  oxidized  and  precipitated  before  the  manganese. 


Fig.  3 

Dissolved  iron  (Fe^4")  and 
manganese  (Mn"*""4")  and  the 
precipitated  variants  iron- 
hydroxide  (Fe(0H)3)  and 
manganese-dioxide  (MnC>2 )  as 
functions  of  pH  and  redox- 
potential  Eh.  The  sloping  lines 
indicate  eguilibrum,  and  they 
are  not  absolute  fixed.  As  the 
redox-potential  is  increased 
for  a  given  pH-value,  first 
iron  and  then  manganese  will  be 
precipitated. 
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Once  the  VYREDOX  process  has  been  started  up,  more  and  more  compounds 
of  oxidized  iron  and  manganese  will  be  precipitated  in  the  aquifer. 
This  will  increase  the  rate  of  adsorption  of  divalent  iron  and 
manganese  on  the  surface  of  the  precipitates.  Thus  the  oxidation 
process  will  take  place  in  two  steps,  first  adsorption  and  then 
oxidation.  In  the  pH  range  of  natural  ground  waters  the  hydrous  oxides 
FeOOH  and  Mn02  seem  to  play  important  roles  in  the  sorption  of  divalent 
iron  and  manganese.  The  adsorption  process  also  takes  place  on  the 
bacteria  stalk  surface. 

The  precipitation  zone  has  to  be  properly  developed  in  order  to  achieve 
a  good  purifying  result  and  a  high  efficiency  ratio.  Its  size  and  shape 
has  to  be  fitted  not  only  to  the  aquifer  but  to  each  singe  supply  well. 
In  order  to  achieve  this  the  injection  wells  are  needed.  Both  the 
oxygenation  kinetics  and  the  precipitation  kinetics  have  to  be 
considered  in  dimensioning  the  zone.  About  one  per  mille  of  the  soil's 
pores  in  the  oxidation  volume  is  allowed  for  the  precipitation  of  one 
year. 

VYREDOX  I  AND  II 

The  VYREDOX  method  became  a  reality  during  the  sixties  after  different 
kinds  of  testing,  research  and  modifications.  The  first  commercial 
VYREDOX  plant  was  built  in  1969.  Today  there  are  more  than  one  hundred 
VYREDOX  plants  in  more  than  ten  countries.  The  majority  of  them  are 
designed  according  to  the  VYREDOX  I  princip  and  some  according  to  the 
VYREDOX  II  princip. 

VYREDOX  I 

The  VYREDOX  I  design  is  when  the  injection  wells  are  used  only  for 
injections.  During  the  injection  the  pump  in  the  supply  well  belonging 
to  the  same  well  group  (fig  1  and  fig  2)  are  with  some  exceptions 
sropped.  The  injection  goes  on  for  2  0-3  0  hours  and  after  the  injection 
mere  are  a  contact  time  of  4-10  hours.  The  injection  water  is  taken 
from  a  supply  well  nearby  or  from  a  water  reservoir. 

The  precipitation  zone  around  a  well  will  take  some  time  to  be  built 
up.  Often  ten  injection  cycles  or  more  will  be  required  before  the 
efficiency  ratio  of  the  plant  can  be  determined.  The  efficiency  ratio 
is  defined  as  the  ratio  between  the  amount  of  pure  water  pumped  out 
after  an  aeration  and  the  amount  of  injection  water  used  for  aeration. 
This  value  varies  much  from  plant  to  plant,  depending  on  the  chemical 
and  hydroloaical  circumstances  in  each  case.  Normally,  a  value  of 
around  10  will  be  obtained,  but  the  variation  is  as  large  as  from  about 
3  to  50.  There  are  examples  where  the  efficiency  ratio  is  up  to  more 
than  50. 

VYREDOX  II 

^he  VYREDOX  has  been  developed  further  and  since  VYREDOX  I  needs  at 
least  one  extra  supply  well  or  a  reservoir  to  have  water  for  infection 
as  the  pump  in  the  production  well  is  switched  off  during  the 
injection,  VYREDOX  I  turned  out  to  be  too  expensive  at  small  well 
sites.  As  a  result  the  VYREDOX  II  was  developed  (fig  1,  2  and  4). 
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Fig.  4         1.      Supply  well 

2-10.    Injection  wells  on  the  oxidation  ring 

The  principle  is  that  in  each  injection  well  a  submersible  pump  is 
installed  and  the  injection  pumping  goes  on  cyclic  in  the  injection 
wells  independently  whether  the  pump  in  the  supply  well  is  in  operation 
or  not.  For  example,  injection  wells  number  1  and  3  are  pumped  via  an 
oxygenerator  where  the  water  is  degassed  and  aerated  and  then  injected 
in  the  intermediate  well  number  2.  After  a  certain  time  of  this 
pumping/ injection  and  a  period  of  contact  time,  the  pattern  is  that 
water  is  pumped  from  injection  wells  number  2  and  4  and  injected  into 
number  3  and  so  on.  The  number  of  these  injection/pumping  wells  differ 
depending  on  the  conditions.  There  are  examples  from  3  up  to  16. 

This  pattern  of  pumping/ inject ion  creates  a  super-positioned  hydraulic 
gradient  to  the  supply  well,  when  the  supply  well  is  in  operation  and  a 
hydraulic  gradient  between  the  injection/pumping  wells  like  a 
"curtain".  In  this  oxidate  zone  iron  and  manganese  will  be  oxidated  aj\ 
precipitated.  For  three  years  we  have  had  VYREDOX  II  water  works  in 
operation.  Today  there  are  about  10  plants  in  operation. 

EXPERIENCES  FROM  PRACTICAL  APPLICATIONS 

One  of  the  first  guestions  arising  in  connection  with  a  presentation  of 
the  VYREDOX  method  is  that  of  clogging.  Often  a  fear  is  expressed  that 
the  aquifer  soon  will  be  clogged  by  precipitations,  resulting  in  a 
severe  decrease  of  the  well's  pumping  capacity.  The  surprising  answer 
is  that  the  effect  is  rather  the  opposite!  If  the  oxygenation  zone  is 
properly  developed,  and  if  the  plant  is  run  correctly,  the  pore  volume 
of  the  aquifer  will  be  affected  only  very  slowly.  Since  reduced  water 
often  has  proved  to  be  responsible  for  well  clogging,  the  VYREDOX 
treated  well  will  be  protected  by  the  shield  of  oxygenated  water  around 
it.  The  precipitations  will  be  located  to  a  large  pore  volume  at  a 
sufficient  distance  from  the  well  where  no  harm  is  done.  Thus  the  well 
yield  is  maintained,  and  in  some  cases  an  increase  of  it  has  been 
observed  during  the  first  months  of  VYREDOX  operation. 
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Much  attention  has  been  paid  at  the  built  plants  to  the  matter  of 
precipitation  and  clogging.  At  the  oldest  Swedish  plant  in  Grimsas, 
built  in  1971,  soil  samples  have  been  taken  and  investigated.  It  is  not 
possible  to  take  such  samples  without  disturbing  the  pore  structure 
somewhat.  However,  samples  with  relatively  undisturbed  sediments  have 
been  microscopically  examined.  It  has  not  been  possible  to  identify  any 
severe  precipitation  in  the  intersticial  spaces.  In  the  lowermost 
sample,  at  the  middle  of  the  well  screen,  one  or  a  few  per  cent  of  the 
pore  volume  show  precipitates.  The  texture  of  the  precipitates  can  in 
some  cases  be  interpreted  as  "bacterial  iron  stalks".  Also  a  mineral 
transformation  has  been  observed  from  a  brownish  aggregate  into  reddish 
hexagonal  plates.  This  is  interpreted  as  a  transformation  from  iron- 
oxihydroxide  (e.g.  goethite)  into  hematite.  Thus  the  bacterially  formed 
iron  precipitates  may  turn  into  more  stable  minerals  such  as  hematite. 
This  possibility  has  also  been  indicated  by  laboratory  experiments. 

The  original  contents  of  iron  and  manganese  in  the  untreated  water 
varies  much  from  plant  to  plant.  Normally  they  lie  in  the  intervals  0,3 
-  15  mg/1  iron  and  0,2-4  mg/1  manganese.  In  addition  to  the  iron  and 
manganese  removal  the  method  has  proved  to  have  some  other  positive 
effects  on  the  water  quality. 

As  a  specific  example  of  a  VYREDOX  I  plant  in  Drosing/March  (lower 
Austria)  can  be  mentioned.  The  water  works  was  taken  in  operation 
during  the  spring  1982.  The  geological  conditions  are  different  from 
those  in  Scandinavia,  because  there  is  a  high  content  of  limestone  and 
dolomite  in  the  gravel  and  sand,  with  strata  of  marl  and  clay  (fig.  5) . 
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Fig.  5.   Geological  strata  at  water  plant  Drosing/March. 
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The  quality  of  the  raw  water  from  the  different  wells  in  Drosing  may  be 
seen  in  Table  1. 


TABLE  1   Chemical  analysis  of  untreated  ground  water  (mg/1) 
Parameter  Well  1         Well  2 


Well  3 


Calcium 

Ca++ 

Magnesium 
Natrium 

Mg++ 
Na++ 

Potassium 

K+ 

Hydrogen  carbonat 
Chloride 

HCO^ 

a 

Sulphate 
Nitrate 

SO4- 

nct; 

92 

58 

42 
4,3 
486 

38 
100 

<1 


95 

55 

43 

4,6 

489 

35 

125 

2,2 


97 
55 
43 
4,2 
491 
33 
95 
<1 


The  iron  and  manganese  content  in  the  well  water  have  been  confirmed  b? 
a  multitude  of  analyses.  The  results  are  summarized  in  TABLE  2. 


TABLE  2 


Iron  and  manganese  content  of  untreated  water  (mg/1) 


Iron 


nun 


max 


averag 


I 


Well  1 
WELL  2 
well  3 


0,16 
0,20 
0,26 


0,49 
0,42 
0,40 


0,35 
0,27 
0,31 


Manganese 


Well  1 
Well  2 
Well  3 


0,33 
0,31 
0,25 


0,54 
0,54 
0,39 


0,48 
0,39 
0,32 


The  processing  should  produce  water  of  a  purity  that  meets  the 
requirements  of  the  standard  valid  in  Austria,  ONORM  M  6250  (quality 
standards  for  drinking  water)  i.e.  iron  <  0,1  mg/1  calculated  as  Fe, 
and  manganese  £   0,05  mg/1,  calculated  as  Mn.  This  standard  is  the  most 
common  standard  in  several  countries.  It  has  further  been  stipulated 
that  during  the  running  of  the  plant  a  ratio  of  at  least  4 : 1  between 
the  processed  water,  which  is  piped  out,  and  the  water  returned  for 
oxygen  enrichment  underground  must  be  achieved. 

At  the  site  of  the  plant  there  are  numerous  separated  aquifers  which 
contain  water  under  pressure,  artesian  aquifer.  The  highest  groundwate 
hirozon  is  not  under  pressure.  It  is  not  used  to  supply  water  and  is 
therefore  not  a  part  of  the  system. 
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The  plant  should  continually  purify  30  1/s  (108  m2/h)  of  water.  There 
are  three  identical  supply  wells,  and  it  is  possible  to  extract  all  the 
water  from  each  one  individually,  The  maximum  capacity  of  the  plant  is 
thus  90  1/s. 

The  plant  was  built  according  to  fig.  6.  Around  each  of  the  three 
wells,  a  ring  of  six  injection  wells  was  built.  Due  to  the  local 
conditions  it  was  necessary  to  separate  the  supply  of  water  for  the 
main  network  from  the  water  to  be  passed  through  the  oxygenator  into 
the  injection  wells,  i.e.  two  separate  pumps  with  different  pressures 
was  built. 

The  oxygenator  and  the  necessary  pipes  are  situated  in  a  pipe  canal 
under  the  station.  With  three  supply  wells  being  available  it  is 
possible  to  use  one  well  for  the  production  of  purified  water  for  the 
main  supply,  and  to  use  purified  water  from  a  second  well  for 
infiltration  in  the  injection  wells  of  the  third  well  after  being 
enriched  with  oxgen.  After  the  termination  of  the  infiltration  (after 
24  hours)  all  three  wells  are  available  for  the  production  of  purified 
water,  as  long  as  purified  water  can  still  be  drawn  from  the  supply 
well  in  the  first  injected  well  group.  When  there  is  no  more  purified 
water  in  this  supply  well  e.g.  water  of  acceptable  quality,  degassed 
and  oxygen  enriched  water  is  infiltrated  into  its  injection  wells  by 
means  of  an  automatic  control  governed  by  time  and  capacity. 


Injection  wells 


■  -    Aerated     waler    (low 


Qiygenator  - 
station 


To  mains 


'ig.  6.    Waterplant  in  Drosing  with  three  supply  wells 

complete  with  injection  wells  and  the  oxygenator 
station. 
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The  only  problem  in  time  of  construction  was  during  the  running  in  due 
artesian  ground  water.  This  fault  could  be  corrected  simply  by  using  a 

mineral  sealing  compound. 

There  was  intensive  monitoring  of  the  system  to  ascertain  the 
concentration  of  iron  and  manganese. 

The  results  of  this  monitoring  are  as  follows  (fig.  7) : 


Fig.  7.   Reduction  of  iron  and  manganese 

The  measured  values  of  iron  decreased  in  the  shortest  time  to  values  o 
<  0,1  mg/1,  but  in  the  majority  of  cases  values  of  <  0,05  mg/1,  were 
found.  The  measured  values  of  manganese,  however,  decreased  for  one 
month,  practically  without  exception,  to  values  of  <  0,05  mg/1,  and  th 
majority  to  values  of  £  0,03  mg/1. 

At  the  beginning  of  the  running  of  the  plant,  the  ratio  between 
processed  water  delivered  into  the  mains  and  the  recycled,  degassed  and 
oxygen  enriched  water  was  2:1.  This  ratio  was  increased  during  a  few 
months  to  a  value  of  7:1.  This  value  is  possible  to  increase  if 
necessary.  Despite  of  this  increased  ratio,  there  were  no  changes  in 
the  rate  of  removal  of  iron  and  manganese. 

The  total  investment  costs  were  4,300.000,—  A. S. (without  V.A.T.).  Out 
of  this  sum  about  2,400.000,—  A.S.  was  spent  on  equipment.  The  costs 
of  on  site  constructions  such  as  injection  wells,  power  connection  and 
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other  necessary  equipment  were  about  1,900.000,—  A.S.  The  construction 
of  more  buildings  was  not  necessary.  Otherwise,  an  inspection  of  two 
hours  per  week  is  sufficient.  As  yet,  there  have  been  no  operating 

problems. 

Detailed  calculations  of  the  operating  costs  from  May  1983  onward  are 
available.  The  only  operating  costs  are  for  electricity.  The  amount  of 
power  needed  depends  on  the  quantity  of  water  treated  and  on  the  ratio 
between  recycled  water  and  that  pumped  into  the  main  supply;  this  power 
demand  is  shown  in  TABLE  3 . 

TABLE  3 .   Ratio  between  processed  and  recycled  water 


Ratio 

2:1 

3:1 

4:1 

5:1 

6:1 

7:1 

kwh 

kWh/ 1000m3 

60.320 
122.201 
493,6 

7.994 
67.027 
119,3 

7.236 
93.431 
77,4 

18.186 
288.124 
63,1 

3.704 
88.347 

41,9 

6.054 
148.484 
40,8 

Within  three  months  of  operation  the  plant  met  the  expectations  in  the 
removal  of  iron  and  manganese  from  treated  water.  Considering  operating 
and  investment  costs,  it  is  cost-effective.  Up  to  now  there  has  been  no 
deposition  in  the  well  pipes,  nor  have  any  changes  in  the  permeability 
of  the  aquifier  been  observed. 

NITREDOX 

Nitrate  in  groundwater  causes  several  problems  even  if  the  nitrate 
itself  is  not  so  poisonous.  The  lethal  dose  for  an  adult  is  around  10  - 
15  g.  However,  the  nitrate  can  be  reduced  to  nitrite,  which  is  much 
more  poisinous,  especially  for  babies,  especially  up  to  an  age  of  6 
months,  while  nitrite  gives  a  reaction  with  the  hemoglobine  in  the 
blood  to  methaemoglobinaemia.  Methaemoglobinaemia  cannot  work  as  the 
transporter  of  oxygen  in  the  body.  This  gives  as  a  result  blue  babies. 
Another  problem  is  the  cancerogenic  nitrisaminos,  which  are  produced 
from  nitrate  as  well  as  nitrite. 

The  drinking  standard  in  several  countries  accept  for  nitrate  50  mg/1 
with  a  future  guideline  value  of  25  mg/1. 

DIFFERENT  DENITRIFICATION  METHODS 

On  the  market  today  there  are  a  few  denitrif ication  methods  used. 

In  principle  three  different  methods  can  be  mentioned: 

Ion  exchange 
-    Reversed  osmos 

Biological  treatment. 
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NTTREDOX  -  A  BIOLOGICAL  TREATMENT  METHOD 

NITREDOX  is  an  in  situ  denitrif ication  method,  which  with  the  help  of 
the  naturally  existing  microorganisms,  is  reducing  nitrate  and  nitrite 
in  the  water  to  an  aceptable  level.  Nitrate  has  been  reduced  from  more 
than  100  mg/1  down  to  below  25  mg/1  and  nitrite  to  below  0.02  mg/1. 

Around  each  supply  well  a  number  of  injection  wells  are  drilled,  in 
principle  on  two  rings  with  different  radius  (fig.  8).  In  each 
injection  well  a  small  pump  is  installed.  The  injection  wells  situated 
on  the  bigger  ring  are  used  for  reduction  and  the  injection  wells 
situated  on  the  smaller  ring  are  used  for  oxidation  in  a  specific 
running  pattern.  In  the  big  reducing  ring  the  nitrate  and  nitrite  are 
reduced  and  in  the  small  oxidizing  ring  the  nitrogen  gas  is  degassed 
and  an  eventual  rest-content  of  nitrite  is  oxidized  as  well  as  iron  and 
manganese  are  oxidized  and  precipitated  in  the  ground. 


Fig.  8 


1.      Production  well 

2-10.    Injection  wells  on  the  oxidation  ring 

11-19.   Injection  wells  on  the  reduction  ring 


For  reduction  in  connection  with  the  microorganisms  a  suitable  oxygen 
consuming  substance  is  intermittent,  for  instance  methanol  in  the 
reduction  ring,  and  for  the  oxidation  ring  degassed  aerated  water  is 
intermittently  injected. 

Due  to  the  anisotropy  and  inhomogenity  of  the  normal  aquifer  it  is 
imDortant  to  control  the  in  situ  processes  in  each  sector  around  the 
production  well.  In  observation  wells  situated  outside  the  big 
reduction  ring,  between  the  two  reduction  and  oxidation  rings  and 
between  the  small  oxidation  ring  and  supply  well,  redox  electrods  are 
installed. 
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Redox  measurements  are  made  from  these  redox  electrods  and  the  whole 
plants  are  fully  automatic  guided  (fig.  9). 
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Fig.  9 


The  principle  of  the  method  itself  works  according  to  the  following.  On 
two  rings  with  different  radius  around  a  production  well,  there  are 
seme  injection  wells  drilled.  In  each  injection  well  a  small  pump  is 
installed.  The  injection  wells  situated  on  the  outer  ring  are  used  for 
reduction  in  a  specific  running  and  the  injection  wells  situated  on  the 
inner  ring  are  used  for  degassing  the  nitrogen  gas  and  to  oxidize  the 
eventual  rest-content  of  nitrite  as  well  as  iron  and  manganese.  The 
running  pattern  of  each  ring  is  according  to  VYREDOX  II. 

NITREDOX  -  INSTALLATION  DESCRIPTION 

In  Bisamberg,  Austria,  there  are  three  supply  wells  quite  near  each 
other.  Of  these  wells  No  1  has  high  nitrate  contents.  The  same  applies 
for  a  well  in  approximately  1  km  distance.  In  this  NITREDOX  plant  well 
No  1  is  treated.  The  yield  is  about  60  1/s. 

The  supply  well  is  surrounded  by  16  reduction  wells  in  an  outer  ring 
with  a  radius  of  18  m.  Inside  this  ring  there  is  a  second  ring  of  8 
oxidation  wells  with  a  radius  of  10  m.  A  number  of  inspection  wells  are 
placed  inside  the  respective  rings  to  constantly  monitor  the  redox 
values  of  the  passing  water.  Added  to  this  we  have  placed  a  number  of 
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inspection  wells  outside  the  NITREDOX  system  to  have  reference  values 
on  untreated  water  in  the  aquifer  (zero  reference) . 

To  regulate  the  actual  running  of  the  pumps  in  the  infiltration  and 
pumping  phases,  two  complete  systems  have  been  installed  in  adjacent 
buildings.  The  first  system  controls  the  dosage  of  reduction  material. 
The  second  system  controls  the  oxidation  wells.  The  control  equipment 
for  the  evaluation  of  inspection  well  data  (computerized  and  fully 
automatic)  is  housed  in  the  same  part  of  the  building  as  the  oxidation 
system  of  the  NITREDOX  plant.  All  the  data  can  then  be  called  off  from 
the  installed  computer  through  a  telephone  connection.  This  data  is 
then  used  for  evaluation  studies  and  supervision  without  frequent  trips 
to  the  plant.  If  necessary  up  to  several  thousands  of  data  can  be 
collected  per  day  and  it  can  be  stored  in  the  computer  for  several 
years. 

Today  there  are  several  NITREDOX  plants  on  line  and  due  to  the  severe 

pollution  problems,  above  all  with  nitrate  and  nitrite,  it  seems  there 
is  a  big  need  for  this  method  in  the  future. 

CONCLUSIONS 

The  problems  that  have  occurred  in  connection  with  VYREDOX  and  NITREDOX 
methods  are  of  the  following  kinds: 

A.   Unsatisfactory  dimensioning  and  construction  of  wells.  (At  the 
plant  in  Grimsas,  Sweden,  there  are  two  supply  wells.  Six 
injection  wells  are  drilled  around  each  supply  well.  The  aquifer 
is  unconfined  and  consists  of  quaternary  deposits.  It  contains  a 
thin  layer  of  very  fine  stuff,  d60=Q,ll  millimeters.  This  layer 
was  not  revealed  by  the  soil  sampling  previous  to  the  well 
drilling.  Thus  too  wide  slot  openings  were  chosen  for  the  well 
screens,  and  the  fine  stuff  entered  into  some  of  the  injection 
wells  and  blocked  their  screens.  When  this  was  discovered  the 
faulty  injection  wells  were  restored,  and  this  led  to  an 
improvement  of  the  efficiency  ratio  from  about  5  to  almost  10. 
This  example  demonstrates  the  importance  of  correctly  constructed 
injection  wells.) 

3.    Shortage  of  injection  water.  (This  happened  at  a  plant  near 

Stockholm  because  the  water  consumption  was  raised.  The  automatic 
control  system  was  programmed  for  one  injection  every  week,  but 
due  to  the  increased  consumption,  the  injections  were  prohibited 
throughout  the  year.  It  was  not  possible  to  extend  the  raw  water 
capacity.  The  plant  has  to  be  used  as  a  future  reserve  only.) 

C.   Mistakes  in  the  running  of  the  plant.  (Sometimes  a  well  is  pumped 
a  longer  time  between  the  injections  than  is  instructed  for 
VYREDOX  I  in  the  operational  manual .  This  is  acceptable  only  if  it 
happens  occasionally.  If  it  occurs  regularly,  however,  the 
precipitation  finally  may  take  place  too  close  to  the  well  during 
the  prolonged  pumping  period.  This  in  turn  can  lead  to  a  reduction 
of  the  well  yield  caused  by  iron  and  manganese  deposits  on  the 
well  screen.  The  well  then  has  to  be  cleaned,  for  instance  by 
using  a  suitable  weak  acid.)  I 
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D.    Imperfect  location  of  the  injection  wells. 

The  problems  that  have  arisen  in  connection  with  the  applications  of 
the  method  have  been  possible  to  eliminate  without  any  extensive 
arrangements . 
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Project  Description   (Please  attach  a  schematic  diagram  if  appropriate) 
INTRODUCTION 

The  treatment  of  raw  water  usually  involves  a  coagulation  and  floeculatiofi 
stage  followed  by  clarification  and  filtration.  The  resultant  sludge  can 
contain  up  to  10%  of  the  feed  water  to  the  plant.  The  soiids  concentra- 
tion in  the  sludge  stream  is  between  3  and  30  g/£,  depending  on  the 
chemicals  used  for  clarification  and  the  type  of  clarification  equipment. 
Apart  from  the  disposal  problem  associated  with  the  relatively  low  concenr 
tration  sludge  stream,  the  flow  contains  a  significant  volume  of  potentially 
usuable  water. 

Studies  on  the  use  of  the  cross-flow  microfilter  process,   using  porous 
ceramic  tubes   (ref.l)   and  prous  plastic  tubes   (ref.2),    for  the  concentra 
ting  of  inorganic  slurries  have  been  reported.     A  cross-flow  microfilter, 
with  woven  fabric  hoses  as  filter  support,    has  been  used  for  the  concen 
trating  of  a  range  of  water  works  sludges  (ref.3). 

In  the  slurry  concentrating  process,   the  slurry  is  pumped  under  pressure 
and  at  a  high  velocity  (1.5  to  3  m/s)  into  the  bore  of  the  porous  tube. 
The  slurry  solids  are  concentrated  down  the  length  of  the  tube  as  the 
slurry  liquid  filters  through  the  tube  wall.     A  high  feed  velocity  is 
maintained  in  order  to  minimise  the  build-up  of  a  cake  layer  on  the  inner 
tube  surface  and  to  maximise  the  liquid  filtration  rate. 

In  contrast,   in  the  tubular  filter  press  process,   the  rate  of  cake  build-up 
is  maximised  by  reducing  the  cross-flow  velocity  to  about  zero.      The 
process  is  then  designed  and  operated  for  maximum  cake  production. 

In  concept  the  tubular  filter  press  process  has  two  outstanding  features 
(ref.4).      Firstly,   the  cake  is  formed  inside  the  self  supporting  tubes, 
hence  filter  plates,   as  required  in  other  filter  press  processes,   are  not 
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required.      Secondly,   the  tubular  filter  press  produces  a  very  much  thinner 
cake   (typically  3  mm)   than  other  filter  press  processes  so  that  filtration 
rates  are  correspondingly  higher  resulting  in  a  reduction  of  the  area  required 
for  filtration. 

A  prototype  unit  was  constructed  at  the  Umgeni  Water  Board's   H  D   Hill  Water- 
works in  order  to  investigate  the  full-scale  operability  and  economics  of  the 
process.      The  unit  was  designed  to  treat  the  waste  sludge  resulting  from  the 
treatment  of  30  M£/d  of  surface  water.     The  surface  water  treatment  comprised 
coagulation  with  a  polyelectrolyte   (with  the  occasional  addition  of  bentonite) 
and  resulted  in  a  sludge  with  a  concentration  and  flow  rate  of  approximately 
23   g/£  and  50  k£/d  respectively. 

The  unit  was  constructed  between  June  and  October  1986,   and  commissioning 
trials  took  place  between  November  1986  and  January  1987. 

TUBULAR  FILTER   PRESS   DESCRIPTION 

The  process  schematic  diagram  is  given  in  Fig.l.      The  tubular  filter  press 
consists  of  a  feed  tank,   a  pressure  pump,   the  filter  tube  array,   a  filtrate 
collection  tray  and  sump,   a  tube  flushing  and  cleaning  pump  and  an  automatic 
cake  removal  and  tube  cleaning  system  (the  cleaning  head  and  carriage). 


Faad  Slurry 


n*lKt  Racvcta  Vaiva 
-1X5- 


fimrt      Fitiraie 
Pump       Sump 


t 


The  tube  array  is  made  up  of  filter  tubes  woven  from  polyester  yarn  in  a 
curtain  and  connected  between  an  inlet  and  a  reject  manifold.     The  diameter 
of  the  tubes  can  range  from  25  to  50  mm  and  the  length  from  10  to  20  m, 
depending  on  the  application. 

The  feed  slurry  is  pumped  under  pressure  into  the  tube  array  against  a 
closed  reject  recycle  valve.     As  the  pressure  in  the  tube  array  increases 
the  filtrate  permeates  through  the  tube  walls  and  the  slurry  solids  are 
deposited  as  a  cake  on  the  inner  walls  of  the  tube  (Fig. 2).     The  cake  thick- 
ness increases  with  time  and  is  monitored  by  measuring  the  filtration  rate. 

When  the  desired  cake  thickness  has  been  achieved  the  outlet  valve  is  opened 
and  the  flush  pump  started.     The  cake  is  dislodged  from  the  inner  tube 
surface  by  the  action  of  the  cleaning  head  moving  along  the  tubes   (Fig. 3). 
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The  cleaning  head  houses  a  pair  of  rollers  which,   when  engaged,   create  a 
restriction  in  the  tubes.      The  resultant  high  velocity  and  turbulence  at  the 
constriction  dislodges  the  cake  from  the  tube  surface.      The  cake  is  then 
conveyed  out  of  the  tubes  in  the  bulk  fluid  flow  and  is  collected  on  a 
perforated  conveyor  belt. 
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A  high-pressure  water  spray  system  has  also  been  installed  on  the  cleaning 
head  in  order  to  clean  the  filter  fabric  whenever  necessary. 
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The  process  operation  is  cyclic,   each  cycle  consisting  of  a  cake  formation 
stage  (typically  lasting  10  to  60  min  depending  on  the  feed  sludge  concen- 
tration),  and  a  cake  removal  stage   (typically  2  to  4  min).      Feed  slurry  is 
pumped  under  level  control  into  the  feed  tank,    filtrate  is  returned  under 
gravity  to  the  inlet  of  the  water  works  and  the  cake  is  deposited  in  a 
trailer  prior  to  dumping.     The  entire  process  is  micro-processor  controlled 
and  requries  a  minimum  of  operator  attention. 

PROTOTYPE  UNIT  RESULTS  AND  TREATMENT  CAPACITIES 

Solids  concentrations  of  the  feed,   filtrate  and  cake  streams  are  given  in 
Table  1. 
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TABLE  1    :    Prototype  unit   :    Feed,    filtrate  and  cake  solids  analysis 
(bentonite/polyelectrolyte  sludge) 


Feed 

Filtrate 

Cake 

susp. solids 

susp. solids 

solids  cone. 

g/* 

mg/£ 

Z   mass/ 
mass 

Mean 

25 

55 

31 

Range 

2  tot  50 

0  to  200 

28   to   35 

The   cake   production   capacity   of   the   prototype   unit   at  various   feed 
solids   concentrations   is   given   in  Table   2 


TABLE   2    :    The  effect  of  feed  solids  concentration  on  prototype  unit 
cake  production  capacity  at  feed  pressure  of  400  kPa  (bentonite/ 
poiyelectrolyte  sludge) 


Feed 

Process 

Clean 

Total 

Cake 

Prod 

cone . 

time 

time 

cycle 

per 

rate 

t/t 

min 

min 

min 

cycle 
kg  dry/ 
m2 

kg  dry/ 
m2.d 

25 

26 

4 

30 

0,8 

38 

50 

13 

4 

17 

0,8 

68 

75 

9 

4 

13 

0,8 

89 

The   estimated   treatment   capacity   for  various   sized   filter   tube   arrays 
is   given  in  Table   3 

The   treatment   capacity   is  directly  related   to   the   specific   cake   resis- 
tance of   the   slurry 


TABLE  3    :   Estimated  cake  production  capacity  for  various  filter  tube 
array  sizes  at  feed  pressure  of  400   kPa  (bentonite/polyelectrolyte 
sludge) 


Tube  array  dimensions 

Cake  prod,  ca- 

Number 
of  tubes 

Tube 
diameter 

mm 

Tube 

length 
m 

Filtration 
area 

m2 

pacity  per  tube 

array 
tons/d  dry  solids 

Feed  solids  g/Z 

25 

75 

20 
40 
40 

25 
40 
50 

10 
15 
20 

15,7 

75,4 

125,7 

0,6 
2,9 

4,8 

1,4 

6,7 

11,2 
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PROCESS   CHARACTERISTICS 

t 

Low  capital  cost 

The  filter  cake  is  formed  inside  the  fabric  tubes,   thus  avoiding  the  need  for 
filter  plates  as  used  in  standard  filter  presses.      The  cake  thickness  is 
approximately  one  fifth  of  that  produced  in  conventional  filter  presses   which 
reduces  the  filtration  area.    The  tubular  filter  can  be  housed  in  a  light  indus- 
trial building. 

Low  operating  cost 

Power  requirement  is  approximately  7  kWh/ton  dry  solids  at  a  feed  concentra- 
tion of  25  g/£  and  a  pressure  of  400  kPa.    The  process  operates  without 
chemical  addition,  is  fully  automated  and  self-cleaning  and  requires  a  minimum 
of  operator  supervision. 

Cake  and  filtrate  quality 

The  cake  solids  concentration  is  about  35%  and  is  discharged  in  the  form  of 
finely  divided  flakes  which  are  well  suited  to  rapid  secondary  drying.   The 
filtrate  is  suitable  for  recycling  to  the  head  of  water  treatment  plant. 

PROCESS  DEVELOPMENT 

The  process  was  developed  by  the  Pollution  Research  Group  of  the  Department 
of  Chemical  Engineering,    University  of  Natal  under  a  Water  Research 
Commission  (WRC)   funded  project.   A  South  African  patent  has  been  granted 
to  the  WRC   (Patent  No  87/0553)   and  applications  have  been  filed  internationally. 
The  sole  and  exclusive  worldwide  licence  has  been  granted  to  H.T.W.    Hi-Tech 
Water  N.V.,    whose  sole  sub-licencee  for  the  Republic  of  South  Africa  is 
Explochem  Water  Treatment  (Pty)  Ltd. 

The  prototype  was  constructed  under  a  joint  agreement  between  the  Umgeni 
Water  Board,   the  Water  Research  Commission  and  the  University  of  Natal. 
The  project  capital  was  provided  by  the  Umgeni  Water  Board  and  the  process 
design,   construction  and  project  management  was  undertaken  jointly  by  the 
Umgeni  Water  Board  and  the   University  of  Natal. 
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Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) :  I 

Several  biological  tests  have  been  developed  for  determining  toxicity  in 
aquatic  environments  using  fish,  protozoa,  algae  and  other  freshwater  and 
marine  organisms.  However,  most  of  these  test  are  relatively  long  and  ex- 
pensive and  often  require  the  time-consuming  propagation  of  test  orga- 
nisms. As  a  result  there  is  a  general  need  to  develop  rapid,  inexpensive 
and  at  the  same  time,  sensitive  tests  to  determine  and  monitor  the  toxici- 
ty of  an  ever-increasing  number  of  complex  chemicals  being  discharged  to 
aquatic  environments. 

One  of  the  most  important  mechanisms  of  toxic  action  within  living  mate- 
rial is  the  poisoning  of  enzyme  systems.  The  inhibition  of  enzyme  activity 
by  waterborne  toxicants  adversely  affects  natural  metabolic  processes  in 
biological  organisms,  the  detection  of  which  forms  the  basic  for  a  number 
Of  systems  evolved  to  assess  the  aegree  of  aquatic  pollution. 

One  rapid  screening  technique  that  has  recently  received  attention  is  the 
bacterial  assay  (Microtox),  which  measures  the  decrease  in  natural  light 
emmission  from  the  luminescent  bacteria  Photobacterium  phosphoreum  in  res- 
ponse to  a  toxic  effect  upon  the  enzyme  lucif erase.  However,  the  instrumen- 
tation utilized  thus  far  to  monitor  light  output  of  such  biochemical  reac- 
tions, depends  on  the  use  of  phctomultipliers  and  photo-electric  cells  and 
is  both  energy  demanding  and  expensive.  Therefore,  a  new  concept  involving 
modern  solid  state  electronic  technology  to  detect  light  emissions  has 
been  employed  to  solve  this  problem. 

A  prototype  light  emission  detector  unit  was  fabricated  and  interfaced  to 
a  data  acquisition  and  control  module  in  oraer  to  evaluate  the  concept 
under  laboratory  conditions.  Bicassays  were  conducted  by  measuring  the  de- 
crease in  luminescence  of  the  bacterium  Photooacterium  phosphoreum  in  res- 
ponse to  various  toxicants.  The  detector  unit  detects  toxic  effects  suc- 
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cessfully  and  its  level  of  sensitivity  compares  well  with  standard  bio- 
assays  presently  being  employed. 

A  pre-production  model  luminometer  has  now  been  fabricated  for  laboratory 
simmulation  testing  and  patenting  has  been  requested. 


SA-8 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 


EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  * 


SA-03 


Project    iitie: 

USER  FRIENDLY  COMPUTER  PROGRAM  FOR  WATER  SOFTENING  AND  STABILISATION 


Contact  (name  ot  person,  organization,  address,  telephone): 

PROFESSOR  R  E  LOEWENTHAL 

DEPARTMENT  OF  CIVIL  ENGINEERING 

UNIVERSITY  OF  CAPE  TOWN 

RONDEBOSCH 

7700  Tele  :   (21)  650  2201 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

The  chemical  quality  of  a  water  can  have  a  major  impact  on  the  system 
storing  and  conveying  the  water  and  in  the  use  of  the  water.  Waters  from 
underground  sources  in  dolomitic  areas,  for  example,  when  brought  to  the 
surface,  in  contact  with  air,  may  become  oversaturated  with  respect  to 
calcium  carbonate  (CaCO.)  and  cause  extensive  precipitation  in  storage  dam 
canals  and  pipes.  Some  waters  may  attack  (be  aggressive  to)  cement-like 
materials  and/or  cause  corrosion  of  ferrous  and  other  metals.   Other  waters 
in  municipal  use,  may  be  "hard"  due  to  unduly  high  concentrations  of  calcium 
(Ca)  and  magnesium  (Mg)  ions  giving  rise  to  high  soap  demand  in  washing, 
furring  of  hot  water  cisterns  and  deleterious  effects  on  some  industrial 
processes.   All  these  waters  will  need  to  be  treated  to  remove  or  minimise 
the  various  adverse  effects.   The  difficulty  with  any  such  a  water  is  to 
assess  its  characteristics  and  to  devise  an  appropriate  treatment  to  give 
a  non-scaling,  non-aggressive,  non-corrosive  water. 

Characterization  and  dosing  estimation  for  waters  is  based  on  equilibrium 
chemistry  of  the  calcium-magnesium-carbonate  (Ca-Mg-C0,)  system.   This  is 
a  complex  weak  acid/base  system  existing  in  three  phases,  gaseous,  aqueous 
and  solid.   Both  characterization  and  conditioning  may  require  satisfying 
equilibrium  in  one,  two  or  three  phases  (aqueous,  aqueous-solid  or  gaseous-] 
aqueous-solid) . 

Characterization  and  dosing  estimation  employing  the  basic  mass  and  equi-  ' 
librium  equations  defining  the  Ca-Mg-CO.  system  are  cumbersome  in  the 
extreme  and  quite  impractical.  However,  research  workers  have  developed 
ancilliary  mass  parameters  (e.g.  Alkalinity,  Acidity)  that  have  greatly 
eased  the  problems  of  measurement  for  characterization  and  of  estimation 
of  dosing  chemicals  for  conditioning. 

A  major  advance  in  problem  solving  has  been  in  the  development  of  graphi- 
cally aided  procedures,  to  determine  the  characteristics  of  the  water  and 
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the  dosing  requirements.  Using  the  graphically  aided  procedures,  solutions 
have  become  readily  obtainable  and  practical  for  field  use.   The  development 
of  the  graphically  aided  procedures  and  their  application  to  a  wide  range  of 
conditioning  problems  has.  been  dealt  with  in  detail  by  Loewenthal  et  al 
(1986). 

Even  though  graphically  aided  procedures  are  relatively  simple  their 
application  still  demands  a  fairly  comprehensive  understanding  of  the 
Ca-Mg-CO_  system.  At  existing  water  treatment  plants  the  characteristics  of 
the  raw  water  are  known  quite  closely  within  a  range  but  tend  to  change 
seasonally.   In  these  situations  the  problem  is  to  obtain  the  optimal  solution 
which  changes  seasonally  also.  Finding  the  optimal  solution  often  demands 
repeated  trials  which  have  to  be  done  on  a  regular  basis.  In  consulting 
practice  a  rapid  assessment  of  alternative  treatment  procedures  may  be 
required.  In  all  these  situations  even  the  graphically  aided  procedures  are 
relatively  slow.  To  assist  in  this  regard,  an  interactive  "user  friendly" 
computer  program  has  been  written  that  gives  answers  rapidly  as  regards  the 
characteristics  of  a  water,  its  chemical  conditioning  and  dosing  requirements. 
The  program  should  be  adequate  to  provide  solutions  to  the  majority  of 
problems  the  water  chemist  or  engineer  is  likely  to  encounter  in  practice. 

PROGRAM  STRUCTURE 

The  program  is  executable  on  IBM  compatible  personal  computers.  The  program 
is  structured  to  promote  interaction  with  the  user.   It  first  requests  the 
name  of  the  water  source  and  any  additional  pertinent  information  and  also 
a  file  name  for  storing  the  input  and  information  that  the  program  generates 
in  its  calculations  for  the  requested  treatment  of  the  water.   It  then 
displays  a  "menu"  of  tasks  (softening,  stabilization,  blending,  etc)  from 
which  the  user  selects  the  task  to  be  performed.  On  selection  of  the  task 
the  program  prompts  the  user  for  the  required  measured  input  parameters 
relevant  to  the  task  e.g.  total  alkalinity  (i.e.  H„C0~  alkalinity  or 
Alkalinity,  Alk) ,  Ca  and  Mg,  pH,  Total  Dissolved  Soldids  concentrations 
(TDS)  in  mg/£  or  conductivity,  and  temperature.  From  this  information  it 
calculates,  and  displays,  associated  parameters  that  assist  in  characterizing 
the  water,  i.e.  ionic  strength,  total  acidity  (i.e  Acidity),  Langelier  Index 
(LI)  and  Precipitation  Potential  (PP).  Having  characterized  the  water, 
depending  on  the  task,  options  on  the  chemicals  that  may  be  added  for 
conditioning  are  presented  for  selection.  The  program  then  calculates  the 
mass  concentration  of  dosing  chemicals  and  the  final  state  of  the 
conditioned  water,  and  displays   the  results.  Depending  on  the  task  there  are 
variations  in  the  input,  the  derived  information  and  the  display,  the  reasons 
for  which  will  become  readily  apparent  to  the  user. 

REFERENCE 

R.E.  Loewenthal,  H.N.S.  Wiechers  and  G  vR  Marais,  Softening  and  stabilisation 
of  municipal  waters.  Prepared  for  the  Water  Research  Commission,  1986. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  »:   SA-fW 


Project  Title: 

THE  APPLICATION  OF  TUBULAR  REVERSE  OSMOSIS  WITH  LIMITED  PRETREATMENT  FOR 
RECLAIMING  SECONDARY  PURIFIED  SEWAGE 


"Contact  (name  of  person,  organization,  address,  telephone): 


DR  C  F  SCHUTTE 

WATER  RESEARCH  COMMISSION 

P  0  Box  824 

PRETORIA 

0001 

Tele  :   (12)  285461 


Project  Description  (Please  attach  i  scnematic  diagram  if  appropriate) 

The  City  of  Port  Elizabeth  treats  90%  of  its  sewage  in  the  Fishwater  Flat; 
Works  which  was  designed  with  water  reclamation  in  mind.  The  sewerage  net- 
work collects  separately  from  predominantly  domestic  and  predominantly 
industrial  areas  and  this  separation  is  maintained  throughout  the  liquid 
purification  process.  Tertiary  treatment,  therefore,  can  be  applied  to  ani 
effluent  which  is  largely  domestic  in  origin.  At  the  present  time  tertiary 
treatment,  consisting  of  .rapid  sand  filtration  and  chlorination,  is  applied 
to  about  5M£/day  of  secondary  effluent  to  produce  a  second-class  industrial 
water  used  by  two  industries  and  on  the  sewage  works  itself.  The  demand 
for  this  grade  of  water,  however,  has  proved  disappointing, in  spite  of  a 
low  tariff.  Industrialists  find  that  the  dissolved  solids  content  of  the 
water  is  too  high  for  many  purposes  and  the  need  for  a  separate  retriculaj- 
tion  system  (because  the  water  is  not  potable)  is  another  negative  factor 

It  has  become  clear  that  a  large-scale  and  economic  outlet  for  reclaimed 
water  from  Fishwater  Flats  will  only  be  found  if  treatment  to  potable 
standard  is  viable.  Any  reclamation  process  has  to  include  demineraliza- 
tion  because  the  secondary  effluent  at  Fishwater  Flats  contains  600-1000 
mg/£  of  dissolved  solids,  with  an  average  of  750  rag/£.  For  this  reason,  a 
pilot  scale  (30  m3/day)  tubular,  cellulose  acetate,  R0  unit  was  commissioned 
in  1983  to  investigate  the  possibility  of  reclaiming  potable  quality  water 
from  the  tertiary  treated  water  referred  to  above.  Once  RO  was  chosen  for 
the  demineralization  step,  the  question  arose  whether  it  could  also  remove 
organic  pollution  without  extensive  pre-treatment .  If  so,  the  currently 
available  physico-chemical  reclamation  processes,  which  are  operationally 
complex,  could  be  much  simplified.  Also,  once  reverse  osmosis  had  been 
selected  as  the  core  of  the  process,  the  choice  of  the  specific  tubular  R0 
system  was  not  difficult  because  its  unique  cleaning  system,  based  on  flow 
reversal,  seemed  to  offer  the  best  opportunity  for  the  control  of  fouiingl 
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The  pilot  plant  reached  a  running  time  of  15  000  hours.  The  results  have 
been  encouraging  and  indicate  that,  with  sufficient  attention  to  membrane 
cleaning,  the  system  has  the  potential  to  produce  potable  water  from 
secondary  sewage  effluent,  consistently  and  economically,  with  only  rapid 
sand  filtration  and  chlorination  as  pre-treatment . 

Despite  the  successful  results  obtained  with  the  pilot  plant,  there  are  a 
number  of  factors  requiring  investigation  before  this  method  of  water 
reclamation  can  be  applied  in  practice.  These  factors  concern  the  problems 
which  arise  in  full-scale  operations  and  which  cannot  be  adequately  assessed 
in  pilot-scale  experiments.  For  this  reason  a  joint  development  project 
between  the  Water  Research  Commission  and  the  Port  Elizabeth  Municipality 
has  been  launched,  using  a  500  m3/day  RO  unit  which  will  be  operated  for  a 
period  of  three  years  to  investigate  : 

(i)    Full-scale  operational  procedures. 

(ii)   The  quality  of  the  product  water,  Including  micro-pollutants, 
toxicity,  mutagenicity  and  pathogens. 

(iii)  The  maintenance  of  potable  water  quality  under  full-scale  operating 
conditions,  including  the  development  of  "fail-safe"  surveillance. 

(iv)   Operating  costs  at  full-scale. 


These  investigations  will  initially  be  carried  out  on  filtered,  chlorinated 
secondary  sewage  effluent  but,  subject  to  satisfactory  results  with  the 
pilot  plant,  will  be  continued  on  an  unfiltered,  unchlorinated  feed.   The 
plant  has  so  far  operated  for  1  200  hours. 
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Code  #  Project  Title  Page  # 

SP-01         Development  of  Adapted  Biological   Waste  Water  5P-1 

Treatment   Processes  Under  Mediterranean   Environmental 
Conditions 


EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  *:    SP-01 

PROJECT  DESCRIPTION 

DEVELOPMENT  OF  ADAPTED  BIOLOGICAL  UASTE  WATER  TREATMENT  PROCESSES 
UNDER  MEDITERRANEAN  ENVIRONMENTAL  CONDITIONS 


a  research  project  is  being  carried  out  at  the  Universidad 
Folitecnica  ae  nadrid  to  furtner  scientific  knowledge  in  the  field 
of  biological  waste  water  treatment  and  establish  specific  design 
parameters  for  use  by  engineers  in  the  construction  of  waste  water 
treatment  cl-ants  in  southern  Eurooe.  The  project  aims  at 
developing  biological  waste  water  treatment  processes  tailored  to 
the  Mediterranean  or  similar  climates.  Both  conventional  and 
advanced  waste  water  treatment  processes  are    studied,  with  special 
emphasis  on  biological  nitrification,  deni tr i f icat ion  and 
ohuscorous  removal. 

This  first  phase  involves  research  on  single  and  double  stage 
processes,  to  attain  optimum  results  with  respect  to  nitrification 
and  organic  compound  degradation. 

Denitrif icat ion  and  phosporous  removal  are  dealt  with  in  the 
second  phase  in  1932. 

"nis  paper  sets  out  the  various  possibilities  for  biological  waste 
water  treatment,  together  with  the  aims  ana  development  of  the 
project  and  the  results  attained  so  far. 


Centre  de  Investigation  Madrid,  with  the  participation  of  the 

Institut  fur  Siedlungswasserwirt schaf t  der  RUTH  Aachen  and  the 
Laboratorio  de  Ingenieria  Sanitaria  y  Ambiental,  E.T.S.  de 
Ingenieros  de  Caminos,  Canales  y  Puertos.  iJni\ersidad  Politecni 
de  Madrid.  » 


C  i 


Water,  given  its  scarcity,  must  be  considered  as  an  economic 
ccismodity.  In  view  of  the  increasing  pollution  level  in  the 
resources  it  contains,  the  research  being  undertaken  by  the 
O.T.U.M.A.  Department  of  the  Universidad  Politecnica  de  Madrid  is 
channelled  towards  pollutant  reduction  and  nutrient  removal. 

The  differing  environmental  conditions,  e.g.  climate,  in  southern 
and  central  Europe  exercise  a  considerable  influence  on  biological 
waste  water  treatment,  and  it  is  therefore  necessary  to  study  the 
efficiency  of  the  various  biological  waste  water  treatment 
Processes  unaer  these  different  conditions,  revising  and  adapting 
the  dimensioning  bases  and  the  design  parameters. 

Environmental  reasons,  progressive  pollution  and  future  increases 
ir.  the  demands  regarding  waste  water  treatment,  in  various 
countries  including  Spain,   make  it  necessary  tc  study  not  only 
conventional   but  also  highly  efficient   advanced  waste  water 
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treatment  processes,  with  a  view  to  nutrient  removal  (N. 


SCIENTIFIC  AND  TECHNICAL  SITUATION  IN  THE  FIELD  OF  UK5AN  WASTE 
UATER  TREATMENT 

Conventional  waste  water  treatment  processes 

At  oresent  the  majority  of  conventional  waste  water  clants  consist 
Of  a  mechanical  ore-treatment   system  (screening,  grit  and 
degreasing  chambers),  a  primary  treatment  (primary  separation)  for 
the  separation  of  solids  and  a  biological  stage  consisting  of  an 
active  sludge  or  trickling  filter  biological  reactor.   followed  by 
a  second  separation.  Both  use  the  capacity  of  the  m  i -iro-oi  gani  sins 
present  in  the  waste  water,  which  degrade  organic  compounds  in 
their  metabolic  processes,  thereby  forming  cellular  matter  and 
sludge  deposits. 

These  systems  are  used  almost  exclusively  to  deal  with  normal 
cases  of  urban  waste  water  treatment.   It  is  anticipated,  however. 
that  a  number  of  alternatives  will  arise  from  the  abovement ioned 
biological  processes. 


The  efficiency  of  a  waste  water  treatment  Plant  is  measured  by 
either  the  decrease  or    the  concentration  of  BOD  5- in  the  t>  land's 
output.  The  separators  are  calculated  on  the  basis  of  the 
ascensional  velocity  and  retention  time,  and  the  biological 
reactors  on  the  B005  load.  The  30D5  volume  charge  (VC)  is  a 
fundamental  parameter,  indicating  the  kilograms  of  B0D5  treated 
per  ra3  of  the  volume  of  the  biological  reactor  in  one  day.  The 
sludge  loading  ratio  (SLR),  indicates  the  relation  between  the 
pollutant  load  to  be  treated  and  the  active  biomass. 

The  term  "advanced  waste  water  treatment"  is  used  for  all  variants 
which,  apart  from  B0D5  removal,  are  intended  to  remove  persistent 
substances  and  eutroohicat ing  compounds  (phosphorous  and  nitrogen 
compounds ) . 

To  quantify  the  persistent  organic  substances  (either  non- 
degradable  or  difficult  to  degrade),  the  Chemical  Oxygen  Demand 
(COD)  is  used. 


ADVANCED  UASTE  UATER  TREATMENT  PROCESSES 


Advanced  waste  water  treatment  may  be  carried  out  using  either 
conventional  Plants  with  very  low-load  biological  reactors  or 
mult  i-st age  Plant  s . 

If  waste  water  is  to  be  discharged  into  an  outflow  channel  where 
there  is  a  danger  of  eutroohicat ion ,  the  Phosphorous  compounds,  at 
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least,  must  be  removed  by  means  of  chemical  d recesses 
[precipitation!.  There  jr»,  however,  al-o  jonie  bi  ol  ogi  r.  i  a  1 
orocesge*  which  attain  a  high  level  of  phosphorous  removal  i 


The  removal  of  nitrogen  compounds  (ammonium,  nitrite,  nitrate)  is 
e  itual  I*  necessary,  although  for  different  reasons.  n«»  pre?*  tit''  of 

ammonium  in  rivers  consumes  large  amounts  of  oxygen  which  can  lead 
to  an  oxygen  shortage  if  the  uater  temperatures  are  very  high  and 
the  flow  is  light,  thereby  causing  the  deatn  of  fauna.  At  the  same 
time,  if  the  pH  values  increase  slightly,  part  of  tr»e  ammonium 
becomes  amnionic,  which  is  poisonous  to  fish  .  The  presence  of 
ammonium  also  makes  the  treatment  of  drinking  water  more 
difficult. 

High  con tentrat ions  of  nitrate  in  drinking  uater  are  harmful, 
especially  to  ehiiaren  (2,5!. 

Ammonium  may  be  partially  -  or  completely  -  removed  in  low -load 
plants.  In  the  Diological  nitrification  process  the  ammonium  is 
changed  into  nitrite  by  means  of  Ni  trosoiionas-tvpe  oacteria  '6.7. 

Si! 


NHi  ♦  1. 5  02  -  N02  +  2  H2Q  +  2  H   ♦  energy 

and  to  nitrate  by  means  of  Ni t robac t er-t yoe  bacteria: 

NO  2  +  0.5  02  -  NO!-   *  energy. 

This  process  is  dependent  on  the  age  of  the  sludge,   the 
sludge  process  and  the  water  temperature. 


active 


The  abovement ioned  transformations  require  the  presence  of  dilute 
oxygen,  as  each  «ng  of  NH4-N  oxygenated  to  N0  3-N  consumes  4.57  ti g 
of    oxygen.  It  is  consequently  necessary  to  cover  this  demand,  ai 
weil  as  the  oxygen  consumed  by  the  micro-organisms  for  the 
degradation  of  BODS. 


Under  the  climatic  conditions  in  central  Europe,   strong 
nitrification  is  obtained  with  sludge  ioading  ratios  of  i 
0.  15  kg  BOGS/kg  MISS  -  d. 
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fication  process  the  ammonium  is  converted  into 

the  nitrogen  is  not  removed  from  the  water.  This 
e  course  of  the  denitrification  process,  changing  the 

gaseous  molecular  nitrogen.  Almost  all  the 
c  micro-organisms  are  able  to  carry  out  the 
ion  process,  i.e..  the  bacteria  which  also  perform  the 
of  organic  components  (9).  The  denitrification  process 
absence  of  dilute  oxygen  3nd  a  sufficiently  high 
n  cf  organic  compounds.  Denitrification  takes  Place  in 
udge  plant,  creating  anoxic  zones  or  reactors. 
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High  denitrif icat ion  levels  are  not  obtained  in  trickling  filter 
plants  because  of  the  aeration  requirement  s  of  the  biological 

f  1  im . 


It  may  be  said,  in  general  terms,  that  the  nitrification  dtoc?:s 
is  more  stable  in  double  stage  biological  Dlants  than  in  single 
st3ge  low-load  Dlants.  Deni trif icat ion  is  impossible  in  the  second 
stage  of  double  stage  Plants  if  the  BOD'  yield  is  high,  because  in 
this  case  the  remaining  concentration  of  organic  compounds  is  not 
low  enough  to  carry  out  the  process.  Deni tri f icat ion  of  the 
nitrate  formed  in  the  second  stage  of  double  stage  Dlants  requires 
a  BODS  yield  of  less  than  t>0*  110).  This  may  only  take  place  in 
very  high-load  stages. 

In  SDanish  population  centres  of  more  than  10,000  inhabitants, 
mere  is  currently  a  tendency  towards  the  construction  of  Dlants 
with  a  sludge  loading  ratio  of  0.30  kg  BODS/kg  HLSS  -  d   (11,12). 
There  are  very  few  trickling  filter  plants. 

Very  low-load  biological  Dlants'are  already  being  installed  in 
Germany  and  other  central  European  countries.  On  the  one  hand,  the 
lower  load   permits  a  very  high  yield;  on  the  other,  it  reauires 
greater  reactor  volume  and  higher  energy  consumption. 

In  Germany,  double  stage  biological  processes  are  also  used  in 
order  to  meet  the  high  demands  for  water  protection  and  make 
savings  in  investment  and  running  costs. 

The  A-B  process  is  a  double  stage  process  featuring  a  first  stage 
of  very  high-load  active  sludge  (stage  A,  SLR  1  2.0  kg  B0D5/kg 
MLSS  -  d),  and  a  second  stage  of  low-load  active  sludge  (stage 
5, SLR  =  0.15  ♦  0.60  kg  B0D5/kg  MLSS  -  d).  The  recirculation 
systems  of  the  two  stages  are  strictly  separate  (13  ,14),  This 
process  is  already  being  used  in  numerous  large-scale  treatment 
plants  with  very  good  results(l5).  As  well  as  increased  efficiency 
with  greater  process  stability  -  including  nitrification  and 
deni tri f icat ion  -  compared  with  conventional  active  sludge  plants, 
the  advantages  of  the  A-B  process  include  a  reduction  in 
investment  and  running  costs,  smaller  reactor  volume  and  the 
minimisation  of  energy  consumpt ion( 13, 1», 15 ) . 

The  replacement  of  the  B  stage  by  a  lou-loaa  trickling  filter 
plant  creates  the  A-T  process,  which  also  gives  very  good  results 
(16). 


RELATIONSHIP  BETWEEN  SLUDGE  LOADING  RATIO  AND  YIELD 

In  the  case  of  waste  water  treatment  plants  operating  under 
central  European  conditions,  effluent  duality  and  process 
stability  bear  a  clear  relationship  with  both  the  sludge  loading 
ratio  (SLR)  in  active  sludge  plants,  and  the  volume  charge  (VC   In 
trickling  filter  planes. 
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TRICKLING  FILTER  PLANT 

(B005  D-im.seD.outout= 
12G  -  210  mg/l 
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(  n  g.  1  ) 


ACTIVE  SLUDGE 
PLANTS 
( prim . sen . outout s 
260  mg/'l  ) 

.4 


7S0       (.SO      200 

volume  charge  VC  i  k  g  BODS  » 3  -  dj 


average 


0,05  0.15       0.30  0  60 

(kg    6005    K    flLSS    -    d) 

s  -  standard 
d  e  v  i  a  t  ion 


FIGURE  1 

Statistic  evaluation  of  output  concentrations  obtained  in  numerous 
studies  carried  out  in  119  active  sludge  plants  and  28  trickling 
filter  plants  in  central  Europe  (17). 


Figure  1  shows  this  relationship  in  the  case  of  active  sludge 
processes.  This  evaluation  is  based  on  a  variety  of  data  from 
several  plants.  The  variation  in  cutout  concentrations  according 
to  the  characteristics  of  the  waste  water  should  be  taken  into 
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account 


Stage  3  of  the  A-E  process 
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0,50      0,30   0,20  0,15    0,10  0,05      0,03 


Single  stage 
Active  sludge  Plants 


Comparability  of  sludge  loading  ratios  SLR  ( I- g  B0D5  kg  M.SS  -  d! 
FIGURE  2 

Modification  of  the  necessary  sludge  loading  ratio  of  a  E  stage 
compared  with  a  single  stage  plant  to  obtain  the  same  BOD  and  COD 
yield  (18).. 


Figure  2  compares  the  sludge  loading  ratios  of  the  second  stages 
(stage  B)  of  the  A-B  process,  with  the  corresponding  SIRs  for 
single  stage  plants.  The  output  concentrations  of  the  two 
processes  must  be  the  same  to  make  this  comparison.  This  leans, 
for  example,  that  the  same  yields  are  obtained  from  an  A-S  process 
with  a  sludge  loading  ratio  of  0.60  kg  B005/kg  IILSS  -  d  and  a 
conventional  plant  with  a  sludge  loading  ratio  of  0.30  kg  BODIS/kg 
MLSS  -  d  (13). 

The  relationships  set  out  above  are  valid,  but  they  may  not  be 
applied  indiscriminately  to  Mediterranean  climatic  conditions  with 
waste  water  temperatures  of  up  to  30*C.  It  is  known  that  the 
activities  of  the  micro-organisms  depend  to  a  large  extent  on  the 
temperature.  For  example,  the  nitrification  velocity  increases  by 
o3*  in  a  temperature  of  20«C,  as  compared  with  the  velocity  at  15" 
C  (10). 
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Furthermore,  under  other  climatic  conditions,  fundament  a i 1 y 
different  biocenosis  with  other  characteristics  m a y  be  formed, 

with  correspondingly  different  degradation  s  o  e  »  d  s  and  form  of 
sediment  a t ion.  The  effectiveness  of  the  waste  water  treatment  in 
the  different  i  o  a  d  sectors  (low,  medium,  high!  may  therefore  be 
considerably  influenced. 
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OBJECTIVES  OF  THE  STUDY 

Based  on  the  need  to  protect  Spanish  resources  with  regard  to 
drainage  and  international  waters,  tests  are  being  carried  out  at 
a  oilot  Plant  made  up  of  modular  elements  to  try  to  develop  waste 
water  treatment  processes  which  are  suitable  for  the  Mediterranean 
or  similar  climates.  This  study  is  based  on  proven  waste  water 
treatment  processes  used  in  central  Europe,  involving  sincie  and 
double  stage  systems,  ana  aims  to  define  efficiency  una*' 
Mediterranean  conditions,  with  special  emphasis  on  nitrification. 

The  most  important  differences  in  tests  underta'ken  in  cenr-al 
Europe  are  as  follows: 

-  considerably  higher  average  temperatures; 

-  greater  variations  in  the  winter /summer  and  day/night 
temperatures : 

-  different  waste  water  composition,  and 

-  very  wide  variations  in  flows  and  loads  in  tourist  centres. 

These  differences  exert  a  considerable  influence  on  the  biological 
treatment  processes,  and  this  is  why  studies  are  being  carried  out 
on  the  different  components  of  the  biological  treatment  of  waste 
water,  such  as  organic  carbon  removal,  nitrification, 
denitr if icat ion  and  phosphorous  removal  with  load  variation.  The 
findings  will  be  used  to  draw  up  theoretical  parameters  for  the 
design  of  waste  water  treatment  plants,  considering  the 
possibility  of  staggered  construction,  the  extension  of  existing 
Plants  and  the  optimization  of  design  with  respect  to  load 
variations  due  to  tourism  etc. 

The  first  part  of  the  study,  concluded  in  January  1988,   dealt 
with  single  stage  processes: 

-  active  sludge; 

-  tr icki  ing  filter. 

A  grit  chamber  and  a  primary  separation  oere  employed  in  each  case 
( see  Fig.  3  )  . 
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Tests  were  also  carried  out  uith  two  stage  systems  Isee  Fig.  i 
very  high -load  active  sludge  -  low-load  active  sludge; 
very  high-load  active  sludge  -  low-load  trickling  filter. 
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The  water  i?  taken  from  the  grit  chamber  of  th»  "La  Chins" 
municipal  treatment  Diant  in  Madrid.  The  process  provides  for  a 
sludge  recirculation  system  to  the  first  stage  reactor,  with  ore- 
treatment  steDS,  and  a  high-load  active  sludge  reactor  system  from 
the  primary  seoaraton.  In  this  way,  without  increasing  the  work 
volume  of  the  whole  treatment  Diant,  two  stage  biological  waste 
water  treatment  processes  are  achieved  (process  A-B,  process  A-T). 

One  aim  of  the  project  was  to  acouire  a  basic  knowledge  with 
respect  to  the  B0D5,  COD  and  nitrification  parameters,  in  reiation 
to  the  volume  charge,  the  sludge  loading  ratio  and  the  retention 
t  imes. 

Special  attention  was  given  to  the  characteristics  of  the  active 
sludge,  with  the  aim  of  optimizing  the  sluoge  sedimentation 
possibilities,  depending  on  the  biocenosis  relevant  to  the 
techniaues  of  the  process  and  on  the  relevant  load. 

The  efficiency  of  the  plant  drops  considerably  in  the  case  of  the 
appearance  of  floating  sludge  in  the  second  separation.  This 
frequently  occurring  problem  arises  as  a  result  of  bad  active 
sludge  separation  processes  in  Spanish  single  stage  Plants  with  a 
sludge  loading  ratio  of  around  0.30  kg  B0D5/kg  I1LSS  -  d. 
Possibilities  are  therefore  being  studied  to  improve  the 
characteristics  of  the  sludge  to  avoid  the  problem  of  solid 
discharge . 

The  second  oart  of  the  study,  begun  in  February  1988,  deals  with 
nitrogen  removal  i ni tr i f icat ion  and  deni tr i f icat ion  )  and 
biological  phosphorous  removal,  with  slight  modifications  to  the 
eauipment  and  operation  of  the  pilot  Plant.  Furthermore,  it  is 
planned  to  complete  the  pilot  plant  in  a  way  which  also  allows 
sludge  treatment  to  be  studied,  with  previous  stages  within  the 
digestive  process  itself. 

The  findings  obtained,  together  with  the  overall  results  of  the 
study  at  the  end  of  the  project,  will  provide  precise  knowledge 
with  respect  to  biological  waste  water  and  sludge  treatment  under 
these  environmental  conditions. 

Exact  design  parameters  will  be  set  to  enable  the  dimensioning  of 
waste  water  treatment  plants  in  relation  to  the  desired  quality  of 
discharged  water  and  the  receptor  channel.  These  parameters  will 
offer  an  optimum  solution  as  regards  both  operation  and  cost, 
thereby  substantially  improving  the  level  of  protection  with 
resoect  to  both  water  Quality  and  hydraulic  resources. 
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PROCESSES  DIAGRAM 
Active  Sludge  Plant  (single  stage) 
Trickling  Filter  Flant  (single  stage) 
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FIGURE  3 

Diagram  of  pilot  plant  in  single  stage  operation  mode 
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PROCESSES  DIAGRAM 
High-load  Active  Sludge  -  Low-load  Active  Sludge 
High-load  Active  Sludge  -  Low-load  Trickling  Filter 


P 
A 


Sanioling  Point 
Measurement  Data 
Inf low 


*B   .DA  Biological  Reactor 
A     High-load  Active  Sludge 
and  Aerated  Grit  Chamber 


DI 
RB 


3 


DS 
RB 

RB  .DA 

A 
DI 

LB 
DS 

LB 

EF 

•RF 

E 


Intermediate  Separation 
Biological  Reactor 
Low-load  Active  Sludge 

Secondary  Separation 


Trickling  Filter 
Secondary  Separation 


Excess  Sludge 
Sludge  Recirculation 
Out  f  low 


First 

Biological 
Stag- 
Second 
Biological 
Stage 


First 

Biological 

Stage 

Second 

Biological 

Stage 


PLANT: 
High- load 
Active  Sludge 


Low-load 
Active  Sludge 


PLANT: 
High-loac 
Active  Sludge 


Trickling 
Filter 


FIGURE  i 

Diagram  of  pilot  plant  in  two  stage  operation  mode, 
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Table  l.  Results  of  'our  ot\aaet    of  teat:  nn  single  staie  pr-.--». 
[average  values,  provisional  evaluat ions ) 

Single  Stage  Process,  Primary  Separation  (PS  I 


Phase 


Incut 
50D5   COO   NH4-N 


PS  Output 

B005   COD   NH4-N 
mg/  1 


PS  1 i e 1 d 


5005   COD   MH4-N 


I.  1 

i. : 

I.  3 

I  .  4 


Phase 


314  557 

276  57a 

210  53C 

213  48$ 


165 

323 

26 

47 

42 

173 

405 

24 

152 

32^ 

9  "i 

2  a 

3  a 

161 

316 

26 

2  4 

55 

13 


Single  Stage  Process,  Active  Sludge  Reactor  I6R 


■lR 


BR  Output 


Yield 


BR  Stage 

B0D5  COD  MH4-N  B0D5  COD  NH4-N 

m  g  / 1  ^ 

52   10<5   4.4    60  6t    S3 

62   148   4.0    64  63    83 

25   154   3.8    84  53    88 

19    81   3.5    33  74    87 


Single  Stage  Process,  Trickling  Filter  (BR 


Kg  B0D5 

Kg  HISS  -  d 

I. 1 

0.  40 

I.  2 

0.  24 

1.3 

0.28 

1.4 

0.21 

PS+BR  Total 
B005  COD  NH4-N 


83 
78 

88 
91 


20 
74 
71 


84 
88 


Phase 


SU 


Kg  B0D5 

m3  -  d 

I 

1 

0.  14 

I 

: 

0.  13 

I 

3 

0.  12 

I 

4 

0.  10 

BR  Outout  Yield 

Trickling  Filter  P5+TF  Total 
5QD5  COD  NH4-N  B0D5   COD  NH4-N    B0D5  COD  NH4-N 

mg/l  \ 


1  £8 

49   132  11  72 

33   127  16  7£ 

39   115  12  76 


Pre-ooerat ing  Phase 

67    54      82   77     5e 

62    51      54   76 

64    54      82   76     60 
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des:ription  of  the  pilot  plant  and  tests 

The  Pilot  Plant  comprises  the  following  oarts 


I 


Volume 


1  separator 

2  separators 

1  active  sludge  reactor/grit  chamber 

1  active  sludge  reactor 

1  trickling  filter 

3  compensator  containers 


400  *  800  1 

1.200  *  1,600  1 

400  *  600  1 

1.000  1 

13.000  1 

120  1 


as  well  as  7  waste  water  pumos,  a  blower,  pipes,  4  sampler*,  Ob, 
dH  and  temperature  gauges  and  a  computer  system  for  data 
recording. 


This  eauioment  may  be  used  to  carry  out  the  process  tests  set  out 
in  Figures  3  and  4. 

Figures  5  and  6  show  visual  aspects  of  the  plant. 

# 
In  accordance  with  the  test  programme,  the  first  part  of  the  study 
f up  to  January  1988)  includes  operating  the  active  sludge  reactor 
with  a  sludge  loading  ratio  of  between  0.15  and  0.30  kg  B0D4/kg 
ML S S  -  d  and  the  trickling  filter  with  a  volume  charge 
of  between  0.167  and  0.230  kg  B0D5/m3  -  d  in  the  single  stage 
systems  onase. 

In  the  case  of  double  stage  systems,  the  first  stage  (high-load 
active  siudgej  nas  a  sluage  loading  ratio  of  between  5  and  7.5  kg 
50D5/  MLSS  -  d. 


SP-12 


I 

I 


Table  :.  Results  of  the  test  phase  for  double  stag?  orocesses 
leverage  values,  provisional  evaluations! 


Double  Stage  Process,  First  Stage  [FS] 


Phase   SLR  Input 

BODS   COD   MH4-N 


F  5  Output 
BODS   COD   NH4-N 


FS  Yield 
BODS   COD   NHa-N 


mg<  * 


II.  1 


23     58     174     17      63     61     24 


Double  Stage  Process.  Active  Sludge  Second  Stage  (SSSl 


phase   SLR     SSS  Output 


Yield 


SSS  FS*  SSS  Total 

5005   COD   NH4-N   B0D5   COD   NH4-N     B0D5   COD   NH4N 


iti  g  / 1 


I.  1    0.2111.5    ^5    2.0     50    63     86 


86 


Two  Stage  Process,  Trickling  Filter  Second  Stage  (TFSS) 
Phase   SLR     TFSS  Output  Yield 


TFSS  FS  ♦■  TFSS  Total 

B0D5   COD   NH4-N   B0D5   COD  HH4-N     BOD5   COD  NH4-N 

mg/1  * 

II. 1    0.04   9.7    47    2.2     83    73  87        ?5    89  90 


SP-13 


I 


The  second  active  sludge  r-actor  has  a  planned  sludge  loading 
ratio  of  between  0.15  and  0.5  kg  B005A o  MLS5  -  d,  and  th« 
trickling  Mlttr,  operating  on  a  parallel  basis,  has  a  planned 
volume  charge  of  between  Q.120  and  0.250  kg  B0D5/m3  -  d. 

The  temperature.  dH  and  dilute  oxygen  data  are  recorded  using 
software  developed  at  the  Institut  fUr  S ledl ungswasserw ir t schaf t 
(Department  of  Sanitary  and  Environmental  Engineering)  in  Aachen, 
and  is  stored  on  discs.  The  4-channel  gauge,  with  temperature 
compensation,  used  to  measure  pH  and  its  transmission  to  the 
computer,  was  developed  at  the  Department  of  Electrical 
Engineering  at  the  Senior  Technical  School  of  Civil  Engineering  in 
Radric. 

Tne  waste  water  samples  are  taken  as  24-hour  mixtures  and  are  then 
analysed,  in  line  with  the  relevant  parameters,  in  the  Laboratory 
of  Sanitary  and  Environmental  Engineering  of  the  Senior  Technical 
School  of  Civil  Engineering.  The  analyses  of  environmental  solids 
and  sludge  sediment  volumes  are  carried  out  "in  situ'  at  the 
plant . 

The  results  of  the  analyses  are  entered  into  the  computer  and  are 
stored  on  discs. 


EVALUATION  AND  RESULTS 

All  the  data  material,  obtained  from  the  readings  of  the  various 
measurement  points  recorded  on  disc  uo  to  24  times  a  day,  and  from 
the  analyses  made  on  an  almost  daily  basis  of  the  water  and  sludge 
at  the  sample  points,  will  be  collated  and  evaluated  by  means  of 
an  evaluation  programme  developed  especially  for  this  purpose. 
This  project  was  initiated  in  September  1987  and  the  results  of 
the  first  stage  of  the  study  will  be  available  in  flay  1988. 

At  the  moment,  therefore,  only  provisional,  partial  evaluations 
are  available;  these  include  all  the  values  obtained  from  various 
parameters,  with  no  suitability  control. 

So  far  eleven  test  phases  have  been  carried  out,  six  in  single 
stage  operation  mode  and  five  in  double  stage. 

The  results  with  respect  to  the  most  important  parameters  are  set 
out  in  Tables  1  and  2.  The  values  given  are  average  values  over  10 
samples  of  a  minimum  of  24  hours,  taken  after  the  Plant  was 
declared  ready  for  op-ration. 
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FIGURE  5 

View  of  the  pilot  plant  from  right  to  left:  grit  chamber/high-load 
active  sludge  reactor,  primary/intermediate  separation,  low-load 
active  sludge  reactor,  secondary  separation,  active  sludge 
reactor,  trickling  filter,  mobile  unit  (with  computer  and  guages). 
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FIGURE  6 

View  of  the  pilot  plant  from  the  trickling  filter  from  top  to 
bottom:   grit  chamber/high- I oad  active  sludge  reactor, 
primary/intermediate  separation,  low-load  active  sludge  reactor, 
secondary  separations  of  the  trickling  filter  (left)  and  of  the 
active  sludge  reactor  (right). 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


5P-I6 


It  ias  been  observed  that  the  efficiency  of  the  Dlant.  32  a 
conventional  active  sludge  system  uith  sludge  loading  ratio-,  of 
between  0.2  and  O.ol  kg  B0D5/kg  PJL5S  -  d.  is  around  76-91*  with 
resoect  to  the  BODS  and  between  71-83*  with  respect  to  the  COD. 

Operating  the  double  stage  active  sludge  system,  with  sludge 
loading  ratios  of  between  3  and  8.6  kg  B0D5/kg  MISS  -  d  in  the 
first  stage,  and  between  0.2  and  0.8  kg  B0D5/kg  flLSS  -  d  in  the 
second  stage,  the  efficiency  is  around  fi0-^*  for  the  B0D5  and 
around  80-86%  for  the  COD. 

In  the  conventional  plant  with  trickling  filter  and  volume  charges 
of  between  0.1  and  0.3  kg  BQD5/m3  -  0,  the  efficiency  is  around 
82-93*  for  B0D5  and  between  76-37*  for  COD.   The  efficiency  0f  the 
processes  operating  in  series  lactive  sludge  in  the  first  series 
with  a  loading  ratio  of  between  3.0  and  S.6  kg  B0D5/kg  MLSS  -  d  in 
the  'first  stage  and  trickling  filter  in  the  second  series  with 
volume  charges  of  between  0,04  and  0.2  kg  B0D5/m3  -  d), 
is  around  <H-96*  for  B0D5  and  between  86-91*  for  COD. 

'Jnoer  summer  conditions,  with  waste  water  temperatures  of  uo  to 
26',  high  levels  of  nitrification  efficiency  were  attained  in  the 
double  stage  active  sludge  plant,  even  with  high  sludge  loading 
ratios  in  the  second  stage.  In  winter,  with  waste  water 
temperatures  of  10-13°.  the  nitrification  efficiency  was  75*  with 
a  loading  ratio  of  0.75  kg  B0D5/kg  MLS?  -  d.  These  results  are 
notably  higher  than  the  efficiency  levels  obtained  in  the 
conventional  active  sludge  Plant  both  in  summer  and  winter. 

The  results  given  above  are  also  borne  out  by  the  biocenosis.  The 
volume  of  active  sludge  sedimentation  in  the  single  stage  process 
(phase  1.4)  was  on  average  915  mi/1  (bulking)  and  244  ml/1  in  the 
second  stage  of  the  double  stage  process,  with  the  same  loading 
ratio  in  both  cases. 

The  volume  of  sludge  sedimentation  in  stage  A  was  134  ml/l.  Uith 
the  ML  55  at  an  average  of  2.4  g/1,  the  flohlman  Indei  result  was  54 
ml/g  for  the  first  stage 

The  sedimentation  behaviour  of  the  sludge  can  be  explained  by  the 
different  characteristics  of  the  biocenosis.  The  sludge  in  stage  A 
contains  only  bacteria 
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The  highly  sedimentous  sludge  in  the  second  stage  (phase  11.  1,  SLR 
■0.21)  is  very  rich  in  specie?  and  as  well  as  bacteria  contains  a 
wide  variety  of  more  developed  organisms  (see  Figs.  10  ana  11). 

The  sludge  from  the  single  stage  plant  (phase  1.4,  SLR  =  0.211 
also  contains  bacteria  and  more  developed  organisms  but  in 
addition  has  large  quantities  of  filamentous  bacteria  (see  rig. 
12)  which  make  it  less  sedimentous. 

The  good  results  obtained  in  phase  l.<  are  largely  based  on  the 
good  fortune  of  always  being  able  to  maintain  the  sludge  level  in 
the  second  separation  at  between  1  and  5  centimetres  below  the 
seoarator  output  (see  Fig.  13).  it  is  interesting  to  note  that  the 
bulking  disappeared  shortly  after  changing  from  the  single  stage 
to  the  double  stage  process. 


CONCLUSIONS  AND  PERSPECTIVES 

The  results  obtained  from  the  tests  up  until  now  in  the  first 
Phase  of  the  project  show  that  the  efficiency  of  the  double  stage 
biological  processes,  with  a  high-load  active  sludge  reactor  in 
the  first  stage  and  a  low-load  active  sludge  reactor  (A-B  process! 
or  a  trickling  filter  (A-T  process)  in  the  second  stage,  is 
greater  than  the  efficiency  of  conventional  single  stage  Plants 
with  resoect  to  B0D5,  COD,  NH4-N  and  the  sedimentation 
characteristics  of  the  active  sludge,  while  at  the  same  time 
reducing  the  necessary  volume  of  the  work. 

Very  few  modifications  are  necessary  to  extend  the  single  stage 
processes,  as  it  is  sufficient  to  install  an  active  sludge 
recirculation  system  between  the  aerated  grit  chamber  and  the 
primary  separation,  thereby  creating  a  high-load  active  sludge 
stage  formed  by  the  active  sludge  reactor  (which  fulfils  the 
function  of  the  grit  chamber  at  the  same  time)  and  the 
intermediate  separator. 


The  provisional  partial  evaluations  of  the  information  available 
to  date  show  that,  in  comparison  with  central  Europe, 
nitrification  occurs  more  auickly  and  with  greater  stability  in 
the  Mediterranean  climate,  especially  in  single  stage  Plants. 
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THIS  STUDY  UAS  CARRIED  OUT  AS  PART  OF  THE  COOPERATION  AGREEMENT 
BETUEEN  THE  INSTITUT  FUR  SIEDLUNGSUASSERUIRTSCHAFT  DER  RHEINISCH- 
UESTFALISCHE-TECHNISCHE  HOCHSCHULE  DE  AACHEN  (UEST  GERMANY)  AND 
THE  UNIVERSIDAD  POLITECNICA  DE  MADRID  (E. T.S.I.  Canines,  Canales  y 
Puer tos )  . 

The  Development  of  low-cost  biological  uaste  water  treatment 
systems  suitable  for  the  Mediterranean  or  similar  climates,  taking 
into  consideration  nitrification,  deni tri f icat ion  and  phosphorous 
removal,  using  modular  elements,  to  ODtimire  energy  consumption  in 
the  waste  water  treatment  process. 


THE  STUDY  WAS  CARRIED  OUT  UNDER  THE  DIRECTION  OF: 

Prof.  Dr.  Aurelio  Hernandez  Munoz.  Director  of  the 
Decar twento  de  0rdenaci6n  del  Territorio.  Urbanismo  y 
Medio  Ambiente  de  la  Universidad  Politecnica  de  Madrid. 

Prof.  Dr.  Dr  H.C.,  Botho  Bbhnke.  Director  of  the 
Institut  ftlr  Siedlungswasserwirt  schaf  t  der  Rheinisch- 
Uest f 81 ischen  Technischen  Hochschule,  Aachen. 

WITH  THE  PARTICIPATION  OF: 

Engineers:  M.  Kroner,  W.  KUhn 
Laboratory:  Aliro  Estay  (Chemist) 
Isabel  del  Castillo  (Biologist) 

et  alii. 
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SWITZERLAND 


SWITZERLAND 

Code  I  Project  Title  Page  # 

SW-01         Pretreatment  of  River  Water  for  Groundwater  SW-1 

Recharge  by  Horizontal    Roughing  Filtration 
and  Vertical   Sand   Filtration 

SW-02         Residual    Polyacrylic  Polymers   in  Direct   Filtration  SW-3 

SW-03         Smaller  Mobile  and  Autonomous  Water  Treatment  SW-5 

and  Packaging  Unit   (400C) 

SW-04         Low  Maintenance  Submersion  Dissolved   Oxygen  Sensor  SW-9 

With   Self-Cleaning   Electrodes 

SW-05         Project   "Aqua  Pura"   Facility  for  Packing  and  SW-15 

Dispatch  of  Emergency  Water  in  Zurich 

SW-06         The  Layered  Upflow  Carbon  Adsorption   (LUCA)   for  the  SW-19 

Removal    of  Trace  Organic  Contaminants 


EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:        SW-Q1 

PROJECT  DESCRIPTION 


Project  Title: 

Pretreatment  of  river  water  for  groundwater  recharge  by  horizontal 
I  __    roughing  filtration  and  vertical   sand  filtration 


Contact   (name  of  person,   organization,   address,  telephone) 
Dr.  M.   Boiler,  M.   Wegelin 

EAWAG 

Uberlandstrasse  133 

CH-8600  Diibendorf      01-823  50  47 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 


An  existing  river  water  treatment  plant  for  artificial  groundwater 
recharge  should  be  upgraded  in  order  to  avoic  excessive  break- 
through of  particulate  matter  into  the  underground  and  the  subse- 
quent danger  of  cogging  of  the  recharge  wells. 
In  a  first  step,  the  existing  processes  for  solids  removal  have 
been  carefully  analyzed,  besides  other  parameters  also  by  particle 
analysis.  With  the  help  of  model  calculations,  proposals  could  be 
made  for  enhancing  the  performance  of  the  horizontal  roughing  fil- 
ters. In  a  further  study,  two  different  solutions  will  be  realized 
in  full  scale  and  their  performance  will  be  tested. 
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Patent  staus,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  4:        SW-Q2 

PROJECT  DESCRIPTION 


Project   Title: 
Residual   polyacrylic  polymers   in  direct  filtration. 


Contact   (name  of  person,   organization,   address,  telephone) 

Dr.  M.   Boiler, 

EAWAG 

Gberlandstrasse  133 

CH-8600  Dubendorf  01-823  50  47 


Dr 


eject  Description  (Please  attacr,  a  schematic  diagram  if  appropriate) 


In  a  double  filter  system  for  direct  filtration  of  a  turbid  spring 
water,  the  flocculation  with  poly-Al-chloride  was  ennanced  by  poly- 
acrylic polymers.  The  residual  polymers  after  the  first  filter  was 
measured  by  the  so  called  Burchert-method  and  the  further  elimina- 
tion in  the  second  filter  step  after  an  additional  of  Al-dose,  but 
no  polymers,  was  controlled. 

Another  investigation  concerned  the  residual  polymer  levels  in  a 
full-scale  waste  water  filtration  plant,  where  Fe  CI 3  and  poly- 
acrylic polymers  are  combined  in  order  to  reduce  phosphorus  from 
the  waste  water. 
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Operating  and  cost  data   (including  data  on. efficiency,   results,   etc.): 


Place(s)    of  installation/ application   (including  dates) 


Patent  staus,   if  applicable: 


If  available  attach  descriptive  publications,   technical    literature, 
manufacturers'    specifications,   patent  descriptions,   etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:   SW-Q5 

PROJECT  DESCRIPTION 


Project  Title: 
Smaller  mobile  ana  autonomous  water  treatment  and  packaging  unit  (400  C). 


Contact   (name 

of  person,  organizat 

ion, 

address 

,  telephor 

e): 

WATER-LINE  Ltd 

CH  -  6849  Mezzovico 

-Lugano  (Switzerland) 

Tel.  091-953222 

/       Tlx.  844729  water  ch 

/ 
/ 

Fax. 

091- 

-952064 

Mr.  Ari  Wdstenfeld, 

Marketing  Manager 

Project  Description   (Please  attach  a  schematic  diagram   if  appropriate) 

+  photo  and  treatment  process  enclosed 

The  fully  mobile  and  autonomous  water  purification  unit  is  designed  to  treat  surface  and 
ground  water  and  to  package  the  obtained  drinking  water  into  sterile  plastic  bags  of  one 
liter  for  practical  and  hygienic  storage  and  distribution. 

The  installation  is  provided  with  an  autonomous  generator  but  it's  also  equipped  with  an 
additional  plug  to  be  directly  linked  to  the  electrical  network.  Besides  it  includes  a 
compressor,  purps,  cables  and  flexible  tubings,  the  fully  automatic  packaging  system  and 
accessories. 

Production 

400  bags  per  hour.  The  content  may  be  chosen  according  to  requirements  (1  liter,  1/2  liter 
and  1/3  liter);  The  sterilised  bags  are  very  economical.    The  trated  and  packaged  water  may 
be  safely  stored  for  up  to  5  years. 

Though  beeing  small,  this  unit  has  a  daily  production  capacity  of  9000  bags  (equal  to 
9  tons!). 

WATER-LINE  manufacturers  larger  units  for  soine  applications  for  a  daily  capacity  of  25000 
and  75000  bags. 
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Operating  and  cost  data   (including  data  on  efficiency,   results,   etc.) 

Manufacturing  cost  of  one  liter  bag  including  amortisation  of  the  unit  is  at  present 
exchange  rate  USS  -.037  (Jan.  '88). 


Other  cities  suddenly  struck  by  natural  or  ecological  disaster  realise  too  late  that 
they  should  have  opted  for  the  WATER-LINE  system  already  years  ago. 


Place(s)    of  installation/ application   (including  dates): 
All  our  units  have  produced  excellent  results  in  dozens  of  emergency  situations  like 
earthquakes  (Frioul-Italy  '76;  Van  Lake  Region-Turkey  '76;  Montenegro-Yugoslavia  '79; 
El-Asnam-Algeria  '80;  Naples-Italy  '80;  Mexico-City-Mexico  '85),  droughts  (Florence- Italy 
'85)  and  chemical  pollution  of  municipal  water  supply  (Casale-Italy  '86;  Bergamo-Italy 
ob) ,  ecc. 

Many  public  administration  and  water  authorities  have  acquired  the  WATER-LINE  system  to 
preventively  produce  and  stock  large  quantities  of  bags  in  order  to  dispose  of  a  ready 
supply  in  case  of  emergency. 

SEE 


Patent  staus,  if  applicable: 

'WATER-LINE  owns  a- patent  on  mobile  and  autonomous  treatment  and  packaging  units. 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

WATER-LINE  has  developed  their  units  with  own  technology  and  reasources. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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TREATEMENT  PROCESS 


1.  Pref i Itrat ion. 


2.  Filtration  through  a  2-layer  sand  filters  of  quartz  and 
hydroanthracite. 

3.  Filtration  through  an  activated  carbon  filter. 
1.  Microf titration  through  ceramic  candles. 

5.  Degermi nation  by  UV-Rays. 

6.  Conservation  through  silver  ions. 

7.  Packaging  of  the  water  in  1  t,   1/2  1,  1/3  1  PE  bags. 

8.  On  request:  printing  of  the  conservation  date  or  issuing  dni 


EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:     SW-Q4 

PROJECT  DESCRIPTION 


Project   title: 


Low  maintenance  submersion  dissolved  oxygen  sensor  with  self-cleaning 
electrodes. 


Contact   (name  of  person,  organization,   address,   telephone) 
Dr.  A.  Brugger 
ZUlllQ  LTD 
CH-9424     RHEINECK 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

The  operation  of  the  dissolved  oxygen  probe  is  based  on  the  chemical  principle 
used  by  Toedt  around  1940  for  the  determination  of  dissolved  oxygen  content  in 
surface  waters. 

If  a  pair  of  electrodes  consisting  of  two  different  rare  metals,  e.g.  platin- 
cadmium,  gold-zinc,  etc.  are  submerged  in  an  electrolyte  solution,  an  electric 
current  can  be  detected  flowing  between  the  electrodes  whose  magnitude  is 
dependent,  among  other  factors,  on  the  content  of  dissolved  oxygen  in  the 
solution.  Such  a  pair  of  electrodes  from  a  galvanic  element  in  which  a  depolariza- 
tion current  flows  which,  according  to  Toedt,  results  from  the  following  reaction: 

Me   =   Me"*"*"  +  2e~         Oi  +  4e~   +  2H,0   =   4  OH- 

Me  ■  e.g.   Iron,  Zinc 

The  most  part  of  CO.  sensors  are  based  on  the  galvanic  cell  system  used  by  Toedt 

and  utilize  a  membrane  to  separate  the  electrolyte  and  electrodes  from  the  waste 

water.  Membranes  are  subject  to  fouling  and  require  a  varying  high  level  of 

maintenance . 

The  Ziillig  sensor  has  no  membranes  to  replace  and  no  filling  solutions  are 

required.  This  sensor  design  involves  selection  of  electrode  materials,  electrode 

configuration  and  provision  for  continuous  cleaning  and  flushing  that  eliminates 

the  need  for  a  membrane.  The  sensor  is  automatically  temperature  compensated 

in  the  range  of  3-30°  C  to  correct  effects  of  temperature  change  on  the  electrical 

signal  generated. 

The  sensor  is  comprised  of  a  plastic  tube  fitted  at  its  lower  end  with  two  concentric 
metal  electrode  rings  {cathode,  anode),  insulated  from  each  other,  which  are 
continuously  grounded  and  polished  by  a  rotating,  spring  loaded  and  isolated 
grindstone.  This  grindstone  is  continuously  driven  by  an  A.C.  motor  built  in  the 
probe.  The  electrodes  are  enclosed  by  a  chamber  which  protects  them  from  direct 
contact  with  oxygen  bubbles  and  material  suspended  in  the  waste  water.  This 
chamber,  so  called  "beaker",  oscillates  vertically  and  serves  as  a    simple  pump  to 
continuously  change  the  waste  water  sample  that  is  in  contact  with  the  electrodes. 
The  dissolved  oxygen  sensor  is  in  full-scale  use. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

The  Electrode  now  consists  of  two  individually  inserted  parts,  so  the  contact 
pressure  of  the  grindstone  can  be  individually  adjusted.  Replacement  of  the  grind- 
stone will  no  longer  be  necessary  before  5-12  months  and  the  recalibration  could 
be  extended  to  1 2  months . 

For  use  in  sewage  treatment  plants  the  back  of  the  grindstone  is  automatically  cleaned 
by  a  wiper  to  avoid  the  deposit  of  sludge.   The  new  design  for  submersion  use  also  per- 
mits a  new  approach  in  applying  proven  technic  to  oxygenation  reactors  and  measurements 
at  various  depth  (e.g.  ground  water  wells  or  artifical  lakes  up  to  100  feet  below 
surface] . 

This  new  techniques  provide  a  high  measuring  stability  with  very  low  maintenance. 


Place(s)  of  installation/application  (including  dates): 

Sewage  and  activated  sludge: 

-  In  oxygen  reactors  and  sewage  treatment  aeration  basins  for  the  direct  control  or 
direct  gas  regulation  in  systems  using  technical  oxygen. 

-  Monitoring  of  d.o.  content  in  clarifiers  and  in  sewage  treatment  works  effluent. 

Drinking  water; 

-  Monitoring  and  control  in  ground  water,  reservoirs,  water  treatment  plants  and  water 
filtration  systems. 

Surface  water: 


-  Monitoring  of  dissolved  oxygen  especially  in  creeks,  rivers,  lakes  and  dams  (up  to 
30  m  depth) . 

Aquaculture:   -  Monitoring  and  control  in  fish-hatcheries. 


Patent  staus, 

if  appl 

icable: 

CH  -  Patent    No. 

659.526 

Europe  -  Patent 

No.   0.144. 

325 

USA  Patent  No.  4 

.576.704 

Other  information  (e.g.,   funding  source,   cooperating  agencies, 

etc.) : 

Development:     Prof.  Or.  0.  Jaag,  Dr.  A.  Hd'rler,  Dlpi.   Ing.  L.   Kalman 

Federal  Institute  of  Technology,  Zurich,  Switzerland 

Further  Development:     Zullig  AG.  CH-9424    Rhelneck 

If   available  attach  descriptive  publications,   technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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ZULLiG  Dissolved  Oxygen  Measurement 


Low  maintenance  submersion 
dissolved  oxygen  sensors  type  SS  11 
with  self-cleaning  electrode 


Construction,  characteristics  and  general  applications 

1 .  Development 

The  Ziillig  submersion  dissolved  oxygen  sensors  (new  patent  pending)  represent 
a  further  development  of  the  sensors  type  SS  3  "with  the  characteristic  red  motor 
housing".  The  SS  3  oerforms  successfully  since  more  than  10  years  all  over  the 
world.  The  sensors  are  specifically  designed  to  determine  dissolved  oxygen  in 
watery  solutions,  especially  such  as  in  sewage  treatment  aeration  basins,  cleaned 
waste  water,  rivers  and  lakes.  The  new  design  for  submersion  use  also  oermits  a 
new  simple  approach  in  applying  proven  technic  to  oxygenation  reactors  and 
measurements  at  various  depths.  Furthermore  applications  exist  in  ground  water 
wells  and  artificial  lakes  where  the  new  sensors  may  be  used  up  to  100  feet  below 
surface. 

Improved  self-cleaning  technique 

The  electrode,  which  is  continuously  cleaned  by  a  grindstone,  now  consists  of  two 
individually  insertec  parts,  the  anode  and  cathode.  Both  of  them  have  a  plug- 
contact  to  the  signal  cable.  The  contact-pressure  of  the  grindstone  to  the  anode 
and  cathode  can  be  individually  adjusted.  With  this,  replacement  of  the  grindstone 
will  no  longer  be  necessary  before  5-12  months  and  the  recalibration  period 
could  be  extended  to  12  months.  The  probe  may  be  mounted  in  a  guiding  tube 
(Fig,  6)  or  with  the  new  shaft-version  (Fig.  7)  which  can  be  installed  in  the  existing 
probe  bracket  (Fig.  8). 

Outstanding  features: 

-  Self-cleaning  System 

-  Swiss  patent  No.  469981  and  international  patents  (new  patents  Dending) 

-  Low  maintenance  electrodes 

-  High  stability  and  reliability  over  extended  periods 

-  No  membranes  or  filling  solutions  required 

-  Continual  sample  change  minimizes  electrode  fouling 

-  Rugged  construction 

-  Signal  telemetering  over  distances  of  at  least  600  feet  without  electronic 
amplification 

-  Submerged  operation  up  to  100  feet 


USA-Patent  No.  4.576.704 
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Figure  1 

Zuliig  submersion  d.o.  probe 

type  SS  1 1 


Figure  2 

Bottom  view  of  the  electrode  and 

grindstone  (self-cleaning  systeml 


Figure  3 

Pumping-beaker  with  expulsion 

system  exposed 
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2.  Applications 

Sewage  and  activated  sludge: 

-  In  oxvgen  reactors  and  sewage  treatment  aeration  basins  for  the  direct  control 
or  direct  gas  regulation  in  systems  using  technical  oxygen. 

-  Monitoring  of  d.o.  content  in  ctarifiers  and  in  sewage  treatment  works  effluent. 

Drinking  water' 

-  Monitoring  and  control  in  ground  water,  reservoirs,  water  treatment  plants  and 
water  filtration  systems. 

Surface  water: 

-  Monitoring  of  dissolved  oxygen  especially  in  creeks,  rivers,  lakes  and  dams  (up 
to  30m  aepth  i. 


Aquaculture: 

-  Monitoring  and  control  in  fish-hatcheries. 

3.  Operating  principles 

The  operation  of  the  dissolved  oxygen  probe  is  based  on  the  chemical  principle 
used  by  Toedt  around  1940  for  the  determination  of  dissolved  oxygen  content  in 
surface  waters. 

If  a  pair  of  electrodes  consisting  of  two  different  rare  metals,  e.g.  platinum- 
cadmium,  gold-zinc,  etc.  are  suomerged  in  an  electrolyte  solution,  an  electric 
current  can  be  detected  flowing  between  the  electrodes  whose  magnitude  is 
dependent,  among  other  factors,  on  the  content  of  dissolved  oxygen  in  the 
solution.  Such  a  pair  of  electrodes  from  a  galvanic  element  in  which  a  depolariza- 
tion current  flows  which,  according  to  Toedt,  results  from  the  following  reaction: 

Me  =  Me-*4-2e"        0?-4e"-t-2H,0  =  4  OH" 

4.  Construction  of  the  submersible  dissolved  oxygen  probe  Fig.  3,  4 

The  most  part  of  D.  0.  sensors  are  based  on  the  galvanic  cell  system  used  by  Toedt 
and  utilize  a  membran  to  separate  the  electrolyte  and  electrodes  from  the  waste 
water.  Membranes  are  subject  to  fouling  and  require  a  varying  high  level  of 
maintenance. 

The  Ziillig  sensor  has  no  membranes  to  replace  and  no  filling  solutions  are 
required.  This  sensor  design  involves  selection  of  electrode  materials,  electrode 
configuration  and  provision  for  continuous  cleaning  and  flushing  that  eliminates 
the  need  for  a  membrane.  The  sensor  is  automatically  temperature  compensated 
in  the  range  of  3-30°C  to  correct  effects  of  temperature  change  on  the  electrical 
signal  generated. 

The  sensor  is  comprised  of  a  plastic  tube  fitted  at  its  lower  end  with  two  concentric 
metal  electrode  rings  (cathode,  anode),  insulated  from  each  other,  which  are 
continuously  grounded  and  polished  by  a  rotating,  spring  loaded  and  isolated 
grindstone.  This  grindstone  is  continuously  driven  by  an  A.C.  motor  built  in  the 
probe.  The  electrodes  are  enclosed  by  a  chamber  which  protects  them  from  direct 
contact  with  oxygen  bubbles  and  material  suspended  in  the  waste  water.  This 
chamber,  so  called  "beaker",  oscillates  vertically  and  serves  as  a  simple  pump  to 
continuously  change  the  waste  water  sample  that  is  in  contact  with  the  electrodes. 

Depending  on  the  type  of  application  two  electrode  combinations  are  being  used 
and  each  electrode  is  single  changeable:  Fig.  5 


Electrode  combination 

Silver-Amalgam  (Cathode!  and  Iron  (Anode) 
Silver-Amalgam  (Cathode)  and  Zinc  (Anode) 


Figure  5 

Single  changeable  electrodes 


AE... 
AZ... 


©connector  assembly 
©motor 
©gearbox 

©connectors  for  electrodes 
©coupling 
©anode  holder 
©cathode  holder 
©lock  pin  for  adjustment 
__  of  springs  tension 
©thermistor 
Hgrindstone 
®  backside  cleaner 
<§)  labyrinth  ring 
Hi  beaker  assembly 
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Figure  4 
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For  application  in  sewage  treatment  plants,  a  non  regenerating  grindstone- 
combination  type  RH400,  which  is  made  of  carborundum/rubber,  is  used.  For 
application  in  drinking-  and  industry  water  as  well  as  for  surface  measurements, 
furthermore  in  sewage  treatment  plants  with  small  contents  of  grease  and  oil.  a 
regenerating  diamond  grindstone  type  D-70  is  used. 

5.  Maintenance 

Cleaning  and  replacing  of  electrodes  and  grindstones  (Fig.  2) 
To  avoide  the  deposit  of  sludge,  the  back  of  the  grindstone  is  automatically  wiped 
by  a  cleaner.  External  cleaning  and  examination  of  the  electrode  grinostone 
mechanism  should  be  done  when  necessary.  Do  not  remove  the  grindstone. 
The  grindstone  should  normally  be  replaced  every  5-  12  months  depending  on 
the  chemistry  of  the  medium.  Typical  service  life  for  the  electrodes  is  3-5  years 


Life  expectancy 

Check-tip  calibration 
New  calibration 


Probe-construction 

Electrodes 

Grindstones 


15-20  years 
3-  5  vears 
5-12  months 


recommended  after  12  months 

always  necessary  after  replacement  of  electrod" 


6.  Specifications 

Dimensions. 

a)  submersible  type  fig   1/6 

b)  new  shaft  type  fig.  7/8 

Shipping  weight 
iwithout  cabiel 

Electrical  power: 


Standard  cable  length: 
Weatherproof  materials: 


Temperature  range: 

a)  operational  in  water 

b)  storage  temperature 

Measuring  ranges: 

-  Iron-electrode 

-  Zinc-electrode 

Accuracy  (better  than): 


max.  length  630  mm,  max.  diam.  96  mm 
max.  length  1485  mm.  max.  di3m.  96  mm 


submersible  type 
shaft  type 


3.4  kq 
6.1  kg 

48  V,  6  VA,  50  cycles 

(power  to  the  sensor  motor  from  amplifier! 

Option:  48  V,  6  VA,  60  cycles 

13  ft  (4  m) 

Plastic  PVC,  stainless  steel  (V4A) 

Delring  and  Epoxy 

Silver  amalgam,  iron  or  zinc 

3  to  30°C  (temperature  compensated) 
-2  to60"C 


0  to  15  ppm  (mg/literl 
0  to  25  ppm  (mg/liter) 

±0.2  ppm  Img/I)  at  <0.5  m.s  flow  within 
DO.  range  of  0-5  ppm 
±0.3  ppm  Img/I)  at  <0.5  m'S  flow  for 
D.O.  levels  greater  than  5  ppm 

Dependence  on  cations  and  anions  as  well  as  other  parameters 


Possible 

Permissible 

Possible 

Permissible 

interference 

maximum  concentra- 

interference 

maximum  concentra- 

parameters in 

tions  of  interference 

parameters  in 

tions  of  interference 

solutions  with 

parameters  (ppml  for 

solutions  with 

parameters  (ppm)  for 

starting  value 

deviations  of 

starting  value 

deviations  of 

>  600  uS/cm 

<.  0.2  ppm 

>  600  uS/cm 

<  0.2  ppm 

for  electrodes  type 

for  electrodes  tvpe 

A2...           |AE... 

AZ... 

AE... 

K-' 

>1000           >1000 

Cu-2 

3.0 

5.0 

Na~i 

>1000           >10Q0 

Ni+2 

0.1 

>20 

Mg*2 

>1000           >1000 

C0*2 

10 

3 

Ca+2 

>1000 

>1000 

CN-i 

5.0 

15 

NH." 

>1000 

>1000 

NO'"1 

>1500 

>1500 

Al*3 

1.0 

20 

SO.-2 

>1500 

>1500 

Pb+2 

2.0 

3.0 

S-2 

2.0 

1.0 

Cd+2 

5.0 

5.0 

PO.-3 

>100 

>100 

2n*2 

5.0 

>30 

CM 

>2000           >2000 

Crt0, 

>30 

15 

Anion-acttve 
tensides 

-50                -50 

Fe-2 

0.2 

10 

Crude  oils 

-2000              -500 

Fe*3 

1.0 

>20 

a 

0.5                  1  0 

Mn-2 

15.0 

>30 

pH 

6.5-9         |    6.2-9 

Connectino 
cable  00.5  (12) 

Mounting  tube 


Dia  3.78  (96  mm) 
Stop  screw  2* 

3.15 

(801 


Figure  6 

General  dimensions  in  inches 

and  mm  (  ) 
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7.  Protection  against  choking  of  the  beaker  caused  by  bulky  solid  matter: 

e.g.  for  plants  without  ore-clarification, 

For  such  applications,  the  standard-labyrinthring  (no.  12,  fig.  41  is  replaced  by  a 

protection-screen  (fig.  9). 

8.  Stability 

(Sensitivity  to  various  interferences) 

a)  Mechanical  contamination 

Due  to  the  continuous  cleaning  action  of  the  grindstone,  which  assures  constant 
electrode  surface  geometry  and  continous  uniform  exposure  of  the  metals  to  the 
medium,  mechanical  contamination  of  the  electrode  surface  is  inhibited  and 
longterm  constant  measurement  is  guaranteed. 

b|  Flow  velocity 

Sensitivity  of  the  electrodes  to  varying  flow  velocities  of  the  medium  is  largely 
eliminated  by  the  beaker  surrounding  the  electrodes  and  the  additional  labyrinth- 
ring.  Directed  currents  in  excess  of  0.5  m/s  mav  affect  the  d.o.  measurement, 
hence  the  probe  needs  a  cylinder  type  K7.  The  labynnthring  may  be  left  off  if 
measurement  takes  place  in  streams  with  low  velocity. 

c)  Electrical  Induction 

Because  of  the  current  measurement  principle  there  is  generally  no  major  danger 
of  inductive  influence  due  to  electrical  power  cables  laid  in  parallel  to  the 
measuring  cable  provided  that  a  twisted  cable  is  used. 

dl  Chemistry 

(Based  on  research  and  tests  on  electrodes  carried  out  in  1976) 

Dependence  on  electrical  conductivity 

There  is  a  minimum  conductivity  of  200  uS/cm  required.  Increase  of  output  signal 

to  100  jiS/cm:  4%. 

Further  increase  of  output  signal  to  3000  uS/cm:  5% 

If  the  operating  range  is  around  or  above  1000  tiS/cm  a  recalibration  at  a 

conductivity  value  of  approximately  1000  uS/cm  is  recommended,  whereby  it 

must  be  noted,  that  the  small  influence  due  to  conductivity  becomes  less 

significant  above  1000  uS/cm. 

Dependence  on  pH-value 

The  zinc  electrode  type  is  applicable  in  the  range  of  pH  6.5-9. 
The  iron  electrode  type  in  the  range  of  pH  6-9. 
Decrease  of  output  signal  from  pH  7-pH  8    4% 
Increase  of  output  signal  from  pH  7-pH  6.5    3% 

9.  Advice  for  the  installation  of  the 
Ziillig  d.o.  probe 

The  probe  is  best  mounted  in  a  location  2i 

which  would  give  a  reasonably  representa- 
tive water  sample.  For  this  purpose,  we  sup- 
ply a  variety  of  probe  brackets. 
The  electrode  has  to  be  submerged  in  the 
medium  by  0.5-1.5  m.  Strong  water  currents 
should  be  avoided.  For  plug-in  connection  of 
the  probe  near  the  measuring  location,  we 
recommend  to  use  the  watherproof  field 
mounting  socket  type  FA-RAE4.  As  measur- 
ing cable,  for  the  connection  of  the  probe  to 
the  socket  or  to  the  transmitter,  we  recom- 
mend a  special  cable  containing  three  twisted 
pairs  of  wires  3x2x1  mnV. 


Figure  7 

SS  1 1  shaft  type,  in  open 

bracket,  dimensions  in  mm, 

fig.  8 


1 0.  Electrical  data 

See  data  sheet  DO-30 


SUvm  fH»q|ir  fine 
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Figure  10 

Linearity  of  the  operating  ranges 

of  the  electrodes 


Figure  9 

Cylinder  type  K?  for  protection 
against  high  current  and  bulky 
solid  matter 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  *:     SW-Q5 

PROJECT  DESCRIPTION 


Project  Title 


Project  "AQUA  PURA" 

Facility  for  Packing  and  Dispatch  of 

Emergency  Water  in  Zurich 


Contact 

(name 

of  person ,  o 

rganization, 

address, 

tel 

ephone) : 

Maarten  Schalekamp,  Dr.  sc. 

Director  Water  Supply  Zuric 

and 

Armin  Naf,  Vice-Director 

tech.  h.c.  ETH 
h 

CH-8023 

ZURICH 

,  Switzerland 

.  Telephone: 

01/435  21 

11 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

1 .  General 

The  concept  of  Zurich's  Emergency  Water  Supply  for sees  that  the  inhabi- 
tants will  supply  themselves  during  the  first  few  days  after  a  catastro- 
phy  with  drinking-water  stored  in  their  homes. 

However,  the  recommended  provisions  for  an  emergency  are  not  followed 
very  seriously.  The  (mineral)  water  in  one  litre  bottles,  available 
everywhere,  is  accepted  very  reluctantly  on  practical  grounds  (  heavy, 
fragile  glass  containers,  limited  stacking). 

The  previous  and  current  contribution  of  the  Water  Supply  Zurich  to  fur- 
ther the  drinking-water  emergency  storage,  is  the  supply  of  emergency 
water-plastac  bags,  Type  Bertopack,  containing  one  litre  of  treated 
lake-water.  Unfortunately,  the  taste  of  the  water  in  this  packing  is  im- 
paired and  the  bags  become  permeable. 

2.  Project  Description 

The  following  objectives  should  be  obtained: 

-  solution  of  the  quality  problem 

-  solution  of  the  question  of  distribution  by  packing  for  the  whole- 
sale trade  and  for  the  WSZ-own  use 

-  substitution  of  the  existing  packing  facility. 

Of  the  current  three  projects  which  are  under  consideration,  the  project 
"Felsenquelle  aus  Kohlboden"  (best  springwater  of  the  WSZ-springs  in  the 
Lorze  valley) ,  is  primarily  being  studied.  The  bottling  would  take  place 
in  a  bottling  and  dispatching  plant  in  the  industrial  zone  at  Sihlbrugg. 
A  minimal  amount  of  at  least  4  g/1  carbon  dioxide  will  be  added  to  the 
spring-water  in  order  to  make  this  emergency  water  suitable  for  daily 
use  (renewal  of  emergency  store). 

Packing:  With  the  new,  environmentally-conducive  synthetic  material  PET 
(Polyethylenterephthalate)  ,  a  suitable  packing  material  is  now  availab- 
le. The  most  suitable  bottle  shape  and  unit  size  are  currently  under 
study.  Questions  of  storage  and  quality  have  still  to  be  settled  by  the 
yiujyut"  yruupb, — uai  lly  by  Tneans  of  lcsls. ■ 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 


Information  about  costs  are  not  yet  available. 
Production  about  4000  litres  oer  hour. 


Place(s)    of  installation/application   (including  dates) 


a)  in  a  rented  hall  in  the  industrial  zone  of  Sihlbrugg  (Canton  of  Zug) 
or 

b)  in  the  Lakewater  Plants  of  Lengg  or  Moos  of  the  Water  Supply  Zurich 


Patent  staus,  if  applicable: 


none 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,   patent  descriptions,   etc. 
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Kurefassung 

£ta  Sotstandskonzept  sieht  in  der  ersten  Phase  den  loialen  Ausfatl  der 
Wosseriieferung  vor  und  nimml  an,  dass  die  BevOlkerung  wegen  einer 
Verseuchung  der  Lujt  bis  zu  14  Tagen  in  den  Schutzrdumen  verbieiben 
muss.  In  dieser  Zen  istjeder  E:r.zelne  auj  semen  personiichen  Vorrai  im 
privalen  oder  im  offemlicher.  Schu;;raum  ansewtesen.  Fur  die  ojjentli- 
chen  Schuizraume  smd  50-70  I  pro  Person  in  Jester,  ll'asser  tanks  ge- 
plant,  die  durtn  Chlorpraparate  halibar  gemacht  werden.  Im  pnvaten 
Schutzraum  smd  mindeslens  10-20  t  pro  Person  vorzusehen.  Sie  kon- 
nen  als  beheljsmassige  ^asserreserve  in  Oejassen  eingeiagert  werden 
Oder  als  echle.  bis  drei  Jahre  haitoare  U'asserkonserve  in  Form  von 
r  kohiensaurehaltigem  Mineraiwasser.  Als  vorteiihafte  Alternative  bietet 
Sich  such  eine  Dauerkcnserve  von  aufbereite'.em  Seewasser  an,  das  mil 
emer  Zugabe  von  0.1  mg  Silber/lfiir  mindesiens  JunJ  Jahre  halibar  ge- 
macht wird.  Das  H'asser  wird  mil  einer  Wateriine  Abpackmaschine  in 
dusserst  platzsparende  und  stabile  Kunstsioffsacke  abgejullt. 


Bisherige  Praxis  WV  Zurich  seit  1975 
Practice  of  Zurich  Water  Supply  since  1975 

penuunt  ue  *u  reserve  persuntieue,  uue  t-c:  ->vu  uuru  <cj  «*/<«  ynvc*  uu 

publics.  Pour  les  abris  publics,  cesont,  par  personne.  50-70  litres  d'eau 
potable  trattee  au  chiore  pour  sa  conservation  qui  son!  prevus  en  reser- 
ve dans  des  reservoirs  Jixes.  Dans  les  abris  prives.  il  Jaut  prevoir  au  mi- 
nimum 10-20  litres  par  personne.  II  pew  s  'agir  de  reserves  improvisees 
d'eau  ordinaire  dans  des  recipients  ou  bien  de  vraies  conserves  d'eaux 
mmerales  contenan:  des  gaz  carboniques.  qui  peuvent  itre  gardees  pen- 
dant trots  ans.  Comme  autre  alternative  ir.teressante,  on  peul  utiiiser 
des  conserves  durables  d'eau  de  lac,  traiiee  avec  une  adjonction  de  0.1 
mg  d' argent  par  litre  er  qui  ainsi  se  conserve  au  moms  pendant  cinq  ans. 
Ces  reserves  sont  contenues  dans  des  sacs  en  piastique,  stables  et  peu 
encombrants,  remplis  par  une  machine  a  empaqueter  en  continu. 

Abstract 

The  emergency  concept  Joresees  in  the  first  phase  the  total  breakdown 
ojtht  wate*  supply  and  assumes,  that  the  population,  because  oj  a  con- 
tamination oj  the  air,  will  have  to  remain  up  to  i-  days  in  the  shelters. 
During  this  lime  each  person  is  dependent  on  his  personal  water  store  in 
the  private  or  public  shelters.  It  is  planned  to  provide  in  rigid  water 
tanks  50-70  litres  per  person  which  is  preserved  by  the  addition  oj chlo- 
rine preparations. 

In  private  sneiters  at  ieast  10-20  litres  per  person  should  be  available. 
The  water  can  be  stored  as  a  temporary  reserve  in  various  containers  or 
as  proper  water  preserve  in  Jorm  of  carbon  dioxide  containing  mineral 

'  water  which  can  be  kepi  up  to  three  years.  As  an  advantageous  alterna- 
tive, a  permanent  preserve  oj  treated  lakewcter  is  available,  which  has 
been  dosed  with  0. 1  mg  silver  per  litre  and  which  will  keep  Jor  at  least 
five  years.  The  water  is  packed  into  space-saving,  sturdy  plastic  bags  by 

_c  special  packing  machine. 
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(published   in   "Gas  Water  Wastewater"   No. 9/198 
bv  Swiss  Gas   and  Water   Industry  Association, 

Zurich) 


EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:        SW-Q6 

PROJECT  DESCRIPTION 


Project    ntle: 


The   Layered   Upflow  Carbon  Adsorption   (LUCA)   for  the  Removal   of  Trace 
Organic   Contaminants 


Contact   (name  of  person,  organization,   address,   telepnone): 

Christoph  Munz  &  Markus   Boiler  -  Swiss   Federal    Institute   for  Water 
Resources   and  Water  Pollution  Control    (EAWAG),  8600  Dubendorf,   Switzer- 
land 

Jean-Louis  Walther  and  Ralph  Bland  -   Hofmann,  Robadey  et  Walther  SA, 
Pre  Tavanne  4,  2900  Porrentruy,  Switzerland 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 
The  natural  organic  matter  found  in  virtually  all  drinking  water  sources  is  typically  present 
at  much  higher  concentrations  than  trace  organic  contaminants,  such  as  chlorinated 
hydrocarbons.  The  heterogeneous  matrix  comprising  the  background  organics  is  usually 
!  quantified  by  the  dissolved  organic  carbon  (DOC).  The  DOC  is  also  less  strongly  adsorbed 
onto  activated  carbon  (AC)  than  most  chlorinated  organics.  Accordingly,  in  a  fixed-bed 
adsorber  the  DOC  front  will  move  faster  than  that  of  the  chlorinated  organics.  Kence,  in  a 
fixed-bed  adsorber  the  activated  carbon  will  become  increasingly  preloaded  with  DOC  with 
increasing  filter  depth.  This,  in  rum,  will  accelerate  the  breakthrough  of  the  chlorinated 
organics  and  significantly  reduce  the  life  of  the  carbon.  In  addition  to  competitive 
adsorption  interactions,  it  is  therefore  also  necessary  to  consider  the  effects  of  DOC 
preadsorption  on  the  AC  when  designing  AC  adsorbers. 

In  this  study  the  Layered  Upflow  Carbon  Adsorption  (LUCA)  filtration  was  investigated  on 
a  pilot  plant  scale  as  a  potential  mode  of  operation  to  reduce  the  preadsorption  of  DOC  in 
AC  adsorbers.  In  Porrentruy  (Switzerland),  two  such  adsorbers  were  run  in  parallel  with 
two  other  fixed- bed  adsorbers,  one  in  the  upflow  and  one  in  the  downflow  mode  of 
operation.  Tne  pretreated  water  source  (a  natural  spring)  used  in  this  investigation  is 
contaminated  with  relatively  low  concentrations  of  trichloroethene  (TRI)  and 
tetrachloroethene  (PER). 

The  results  clearly  show  that  the  DOC  preloading  effect  increases  with  increasing  adsorber 
depth  or  empty  bed  contact  time  (EBCT).  The  usable  AC  adsorption  capacity  for 
trichloroethene  at  a  bed  depth  of  approximately  2  m  in  a  fixed-bed  adsorber  is  reduced  by 
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almost  an  order  of  magnitude  compared  to  the  corresponding  single  solute  isotherm. 
Approximately  one  half  of  this  reduction  is  caused  by  competitive  adsorption  interactions, 
while  the  other  half  is  due  to  the  preadsorption  of  DOC  on  the  AC.  Also  internal  mass 
transfer  processes  are  adversely  and  significantly  affected  by  the  preadsorption  of  DOC. 
At  Porrentruy,  approximately  40%  to  50%  more  bed  volumes  can  be  treated  with  the  AC 
layered  upflow  filtration  (15  m/h,  1.5  m  total  bed  depth,  and  a  target  effluent  concentration 
of  5  u,g/l  total  chlorinated  hydrocarbons)  than  with  the  fixed-bed  adsorbers  under  similar 
operating  conditions.  This  will  result  in  approximately  proportional  cost  savings  for  the 
regeneration  of  the  granular  activated  carbon  (GAC).  Still  superior  performances  can  be 
expected  for  larger  total  bed  depths. 


Place(s)    of  installation/application   (including  dates) 


Patent  staus,   if  applicaole: 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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Code  #  Project  Title  Page  # 

UK-01         An  Automatic   Instrument  to  Measure  Discoloration  UK-1 

UK-02         Water  Works  Sludge  Treatment  UK-7 


EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWMARF  Code  #: 


UK-01 


Project  Title: 
An  Automatic  Instrument  to  Measure  Discolouration 


Contact  (name  of  person,  organization,  address,  telepnone): 

Mrs.  S  M  Williams 

WRc   Engineering 

P.O.    Box  85 

Swindon,  Wiltshire 

UK 

(0793)  511711 
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Project  Description  (Piease  attach  a  schematic  diagram  if  appropriate): 

Discoloured  water  is  a  major  cause  of  consumer  dissatisfaction  with 
water  supply.   The  customary  method  of  measuring  the  extent  of  the 
jproblera  has  been  to  undertake  chemical  analysis  of  samples  of  water 
taken  from  various  points  along  the  distribution  system. 
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I ALFI  is  battery-operated  (using  a  built-in  rechargeable  battery),  and 
lis  designed  to  be  attached  to  a  consumer's  outside  tap.   It  can  be 
I  preprogrammed  anytime  up  to  seven  days  before  it  is  required  to  start 
sampling . 

i Applications  for  ALFI  include:- 

-   defining  the  frequency,  duration  and  severity  of 
discolouration  incidents, 

investigating  the  cause  of  discoloured  water  problems, 
monitoring  the  quality  of  treated  water, 

monitoring  the  effects  of  controlled  operational  changes  (eg 
valving  or  rezoning),  and  monitoring  the  effectiveness  of 
remedial  measures  for  discolouration  problems  (eg  relining, 
air  scouring  and  silicate  or  polyphosphate  dosing). 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 


-370 


□  I 


Minimum  pressure  1.5  bar 
Maximum  pressure  20.0  bar 
Weight  26  kg 

Operating  temperature  0  to  40 


All  dimensions  in  rniNimetm 


ALFI  requires  a  water  supply  pressure  of  at  least  1.5  bar  and  an 
adjacent  drainage  point  NOT  MORE  THAN  30  cm  above  the  base  of  the 
instrument.   ALFI  will  usually  be  installed  at  an  outside  tap  eg  in  a 
garage  or  conservatory.   It  is  possible  to  install  ALFI  at  a  sink  or 
basin  provided  that  the  waste  water  can  drain  away  easily. 


Patent  staus,  if  applicable: 
British  and  European  patent  obtained. 

European  No.  85307061.3    British  8424798 


Other  information  {e.g.,  funding  source,  cooperating  agencies,  etc.) 

ALFI  was  developed  and  patented  by  the  Water  Research  Centre  and  is 
manufactured  and  marketed  by  Caradon  Mira,  Walker  Crossweller  and 
Co.  Ltd.,  Whaddon  Works,  Cheltenham,  Glos,  GL52  SEP. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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INSTRUMENTATION,  SAMPLING  &  MONITORING 


A  matter  of  discolouration 


Dr  Terry  Winnington,  advanced  projects  manager 
with  the  research  and  engineering  department  of 
Walker  CrosweJIer  &  Co  Ltd  looks  at  important 
improvements  in  the  measurement  of  water  discolour- 
ation made  possible  by  a  new  programmable  filtration 
instrument 


IDENTIFYING  and  controlling  problems 
with  the  quality  of  potable  water  cttt  for 
extensive  monitoring  exercises  by  water 
undertakings.  This  problem  has  become 
more  acute  as  distribution  systems  have  aged 
—  h  is  reckoned  that  of  the  nation's 
320.000km  network  (which  would  stretch 
eight  rime*  around  the  world ),  50%  is  over  40 
years  old.  some  more  than  100  years  old. 
Over  80%  is  iron  pipework  subject  to  corro- 
sion and  liable  to  cause  water  discolouration 
problems. 

After  extensive  studies  over  a  5-year 
period  by  the  Water  Research  Centre,  and 
development  work  earned  out  in  conjunction 
with  Walker  Crosweucr  &  Co  Ltd.  a  new 
automatic  instrument  is  now  available  which 
is  designed  to  provide  valuable  improve- 
ments  in  field  testing  for  the  major  water  qual- 
ity problem  —  discolouration. 

Claimed  to  be  capable  of  being  pro- 
grammed to  operate  at  different  time  inter- 
vals without  the  need  for  an  operator  to  be  in 
attendance,  it  will  give  a  direct  indication  at  a 
glance  of  whether  discolouration  is  occurr- 
ing. Examination  of  the  results  will  reveal  the 
times  when  discolouration  occurs,  the  degree 
of  the  problem  and  provide,  where  required, 
measured  water  samples  for  detailed  labora- 
tory analysis. 

The  instrument  is  known  as  AT  FT  —  auto- 
matic liquid  filtration  instrument  —  and 
works  on  the  principle  of  filtering  a  set 
volume  of  water.  The  colour  on  the  filter 
paper  can  be  compared  with  a  standard 
colour  and  thus  a  measure  of  the  discolour- 
ation can  be  obtained  and  recorded. 

Supplying  water  that  is  sale  to  drink  is  the 
primary  concern  of  a  water  undertaking  but 
complaints  understandably  arise  from  con- 
sumers whose  water  supply  shows  problems 
of.  for  example,  discolouration,  unusual  taste 
or  odour. 

In  dealing  with  these  problems,  deteriorat- 
ing pipework  is  not  the  only  possible  cause 
that  may  be  found.  Inadequate  treatment  and 
the  disturbance  of  deposits  are  among  other 
factors? 

Identifying  discolouration  problems  and 
their  cause  requires  carefully  planned  and 
intensive  sampling  programmes.  Tunes  of 
sampling  have  to  be  varied  to  take  into 
account  variations  in  the  quality  of  water  as 
consumer  demand  and  flow  patterns  change. 

The  Water  Research  Centre  for  some  years 
investigated  discolouration  problems  and 
has  shown  that  filtration  techniques  are  not 


only  easier  but  for  many  purposes  more  rele- 
vant than  laboratory  analysts.  The  para- 
meters currently  used  to  determine  whether 
discoloured  water  has  occurred  are  chemical 
parameters  such  as  iron,  aluminium  and  man- 
ganese content  No  evidence  exists  that  high 
concentrations  of  these  imply  discoloured 
water  problems  There  was  consequentlv  a 
need  for  a  parameter  that  determined  dis- 
coloured water  problems  as  perceived  by  the 
consumer. 

It  was  apparent  also  that  there  was  a  need 
for  a  programmable  automatic  instrument 
capable  of  checking  water  quality  at  fixed 
time  intervals  for  known  volumes  of  flow. 

Field  trials  showed  the  additional  value  of 
being  able  to  link  up  to  an  external  trigger 
source  such  as  a  turbidity  meter  and  of 
including  in  the  equipment  the  ability  to  take 
bottled  samples,  either  filtered  or  unfiltered. 
to  aid  a  detailed  analysis. 

Water  scientists  and  engineers  will  now  be 
able  to  use  ALFI  to  perform  the  following 
specific  functions: 

1  define  the  frequency,  duration  and  severity 
of  discolouration; 

2  investigate  the  cause  of  the  problem; 

3  monitor  the  effects  of  controlled  opera- 
tional changes  such  as  valving  and  rezoning; 


4  study  specific  persistent  consumer  com- 
plaints; 

5  assess  the  effectiveness  of  remedial  mea- 
sures. 

The  unit  is  programmed  via  an  integral 
control  panel,  custom  designed  for  ease  of 
use  and  clarity  of  display.  For  example,  the 
pre-set  sampling  interval  ranging  between  1 
hour  and  6  hours  can  be  seen  immediately 
and  changed  by  a  single  button  press.  Con- 
trolled volumes  of  standing  water  can  be 
purged  from  the  supply  and  sample  lines  to 
ensure  that  the  samples  taken  are  representa- 
tive of  the  water  from  the  mains. 

From  the  coupling  on  the  mains  water  tap, 
the  waterenters  the  instrument  through  a  100 
micrometre  mesh  strainer  and  a  pressure 
regulating  valve,  factory  set  at  2  bar.  Down- 
stream of  this  a  flow  control  valve  restricts  the 
maximum  flow  rate  to  4.7  litres  a  minute. 

On  sampling,  the  water  passes  into  the  dis- 
tribution manifold  and  through  to  one  of  24 
sampling  locations.  A  sheet  of  filter  paper 
covering  all  the  sample  positions  will  collect 
any  particles  greater  than  1 2  micrometres  on 
a  25mm  diameter  area  and  these  will  cause 
discolouration  of  the  paper  On  inspection, 
the  filter  paper  gives  an  instant  indication  of 
the  existence  of  discolouration  and  when 
compared  with  a  standard  colour  chart  gives 
an  immediate  measure  of  its  severity. 

A  different  shade  of  colour  can  often  be 
indicative  of  a  different  cause  of  discoloura- 
tion and  the  variation  in  filter  colour  grades 
can  also  indicate  whether  a  problem  is  spas- 
modic or  constant 

If  it  is  necessary  to  know  the  concentration 
of  metals  in  the  water  or  the  ratio  of  total  to 
dissolved  metals  this  can  be  achieved  using  a 
filter  sheet  with  alternative  sample  positions 
punched  out.  Bottles  would  be  inserted  under 
the  filter  positions  to  collect  both  filtered  and 
unfiltered  water  samples 

Where  discolouration  that  occurs  very 
infrequently  is  being  examined.  ALFI  can  be 
set  to  pass  up  to  six  samples  through  each  fil- 
ter point  In  the  case  of  severe,  but  infrequent 
discolouration,  the  facility  has  been  incorpo- 
rated for  operation  to  be  triggered  from  a  tur- 
bidity meter  with  the  precise  sample  times 
and  volumes  being  logged  for  subsequent 
interrogation  via  a  liquid  crystal  display. 

With  no  filter  paper  inserted  unfiltered 
samples  can  be  collected  for  detailed  analy- 
sis. From  the  filter  paper  the  water  passes 
eitherintoa  150  null  ilitrc  sample  bottles  or  to 
a  drain  outlet. 

One  of  the  first  customers  for  ALFI  is  Sev- 
ern Trent  Water  Authority  which  has  ordered 
50  units.  They  will  be  put  to  work  on  the 
38,000km  of  mains  pipework  in  the  Author- 
ity's care,  80%of  which  is  iron  and  some  60% 
unltned.  Funds  needed  for  renewal  of  this 
network  will  rise  significantly  over  the  com- 
ing five  years. 


ALFI  —  the  new  automatic  liquid  filtration 
instrument. 


For  further  inioni]»ckxi  contact  Cartdan  Mln 
UmM(4  tpRTioulT  Walker  Cim  ■«»■), 
TH:  0241 5 1 63 1 7 
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Discoloured  water  problems  solved? 


ALFI  fitted  in  consumer's  home 
A  new  instrument  developed 
by  the  Water  Research  centre 
to  investigate  and,  it  is  hoped, 
solve  the  problem  of  discol- 
oured water  is  being  made  and 
marketed  by  Arkon  Instru- 
ments. 

The  Automatic  Liquid  Filtra- 
tion Instrument  (ALFI)  is  bat- 
tery operated  and  can  be  in- 
stalled in  the  consumer's  home 
-  on  garden  or  garage  tap  -  or 
in  the  distribution  system.  It 
can  be  automatically  program- 
med to  filter  water  and  show  at 
a  glance  the  level  of  discol- 
ouration. It  can  also  collect 
water  samples  for  analysis  to 
determine  the  cause  of  the 
problem. 

ALFI  is  designed  to  take  a 
sample  of  water  and  filter  it  at 
programmed  intervals,  leaving 
the  coloured  particles  on  the 
filter  paper.  The  colour  of  the 
paper  can  be  calibrated 
against  a  standard  colour 
chart  to  give  a  measure  of 
discolouration.  Pre-prograrn- 
ming  takes   account   of   varia- 


.. .samples  and  analyses  water 
tions  in  quality  of  1he  water 

supply. 

An  important  additional  op- 
tion where  the  incidence  of 
discolouration  is  infrequent  or 
severe  is  said  to  be  the  linking 
of  the  instrument  to  an  external 
source,  such  as  a  turbidity 
monitor,  which  triggers  the  fil- 
tering and  sampling  operation 
automatically  at  the  precise 
time  the  discolouration  occurs. 

In  addition  to  enabling  water 
industry  scientists  and  en- 
gineers to  investigate  the 
causes  of  discoloured  water 
and  define  the  frequency, 
duration  and  severity  of  them, 
use  of  ALFI,  it  is  claimed,  will 
also  enable  them  to  monitor 
effects  of  controlled  operation- 
al changes,  to  investigate  spe- 
cific persistent  consumer  com- 
plaints and  to  monitor  the 
effectiveness  of  remedial  and 
palliative  measures. 

Details  from  Arkon  Instru- 
ments, Unit  KL3,  Kingsville 
Road,  Kingsditch  Trading 
Estate,  Chellenham  GL51  5PL. 
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Automatic 
Liquid  Filtration 
Instrument  (ALFI) 


The  problem  associated  with 
discoloured  water  resulting  from 
corrosion  in  cast  iron  pipes  and  the 
need  to  automatically  take  water 
samples  and  filter  them  is  well  defined 
in  the  Manual  for  Rehabilitation  of 
Water  Mains  published  by  WRC. 

The  ALFI  was  developed  jointly  by 
WRC  and  Walker  Crosweller  from  an 
original  WRC  specification  to 
automate  previously  labour  intensive 
sampling  techniques  to  provide  an 
accurate  and  cost  effective  method  for 
determining  water  discoloration 
caused  by  suspended  particulate 
matter. 


Applications 

Water  scientists  and  engineers  will  be  able  to  use 
the  instrument  to  combine  several  specific  tasks: 

•  defining  the  frequency,  duration  and  severity 
of  discoloration 

•  investigating  the  cause  of  discoloured  water 
problems 

•  monitoring  the  effects  of  controlled 
operational  changes  (eg  valving  and 
re- zoning) 

•  investigating  specific  persistent  consumer 
complaints 

%  monitoring  the  effectiveness  of  remedial  and 
palliative  measures  fordiscoloration  problems 
(eg  relining.  air  scouring  and  silicate  and 
polyphosphate  dosing). 
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Operation 

The  ALFI  is  a  transportable  batten-  operated 
microprocessor-based  instrument  that  can  be 
programmed  to  take  24  water  samples  at  intervals 
between  Vz  to  8  hours  leaving  any  particulate 
matter  on  a  filter  paper.  The  colours  of  each 
sample  can  be  compared  with  a  standard  chart  to 
measure  the  discoloration.  For  applications 
where  these  effects  are  very  infrequent  the  ALFI 
can  be  set  to  pass  up  to  six  samples  through  each 
of  the  24  filter  sample  points. 

In  addition  it  can  be  programmed/set  to  take  up  lo 
24  unfiltered  water  samples  in  discrete  bottles  or 
any  combination  of  filter  or  100  ml  bottle  samples 
on  the  same  cycle  to  allow  detailed  analysis  of 
contaminated  water. 

Where  discoloration  is  severe  and  infrequent,  the 
ALFI  can  operate  from  an  external  turbiditv 
monitor,  with  precise  sample  times  and  volumes 
being  logged  for  interrogation  via  the  liquid 
crystal  display  (LCD). 

The  ALFI  may  also  be  set  to  purge  supply  and 
sample  lines  of  standing  water  to  ensure  that  on  I  v 
valid  samples  are  taken.  To  accommodate  the 
variety  of  samples  taken,  there  are  three  different 
sample  purge  cycles. 

Programming 


5LZ3 

*  1 

\     \       ll                        _^2 

s 

-—  — — 

Mil*     UH                             1          •         ft 

»       •      * 

*       •       • 

is* 

• 

' 

II    I-  ■"■■     -                                      '""■          ] 

I 

d     .7TT.    TFI 

fJ 

Sampling  programmes  are  easily  entered  using 
the  integral  membrane  keypad,  liquid  crystal 
display  and  LEDs.  Security  codes  for  access  and 
programme  locking  can  be  used  to  prevent 
unauthorised  use  of  the  ALFI. 


Technical  Data 

Enclosure  Transportable,  all  weather 

Weight  55lbs  (without  bottles) 

Electronics 

Enclosure  IP.67 

Microprocessor  6303  CMOS  microprocessor 
A  battery-  backed  Real  Time 
Clock  retains  all  data  for  48 
hours  with  unit  switched  off 

Keypad  16  pad  tactile  membrane 

LCD  8  digit  display 

Battery  Rechargeable  15  amp  hour  fully 

sealed  lead  acid  batten-  (30  days 
duration) 

Sample  bottles    1 50  m  I 

Filler  paper        GF/C  1 .2p.m  retention 

Environmental  Operating  temperatures  between 

-5"Cto+55°C 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:   UK- 02 


Project  Title:  ' 
Water  Works  Sludge  Treatment 


Contact  (name  of  person, 

organization, 

aadress , 

telephone) : 

Mr.  J.  Warden 

I  WRc  Processes 

i  Elder  Way 

;  Stevenage  UK 

Tel:  (0438)  312444 

Project  Description  (Please  attach  a  schematic  diagram  if  appro prTateT: 

Sludge  is  produced  by  all  water  treatment  plants  which  use  alum  or 
ferric  salts  in  the  production  of  drinking  water.   The  volume  of 
sludge  can  be  as  high  as  6%  of  the  water  treated  and  it  is  of  no 
agricultural  value  and  is  expensive  to  dump.   Following  research  and 
field  work  WRc  has  developed  a  design  procedure  for  specifying 
thickening  plant  without  the  need  to  carry  out  extensive  trials.   All 
that  is  required  is  a  sample  of  the  raw  water. 


I 


T 


'.-Jj&l 


rzi 


THtcr  uuota 


Polymer  thickening  of  a  waterworks  coagulant  sludge  begins  with 
withdrawal  of  sludge  from  an  agitated  balancing  tank  of  sufficient 
capacity  to  buffer  variations  in  flow  and  concentration  of  the  various 
works  effluents.   The  sludge  is  def locculated  by  pumping  at  constant 
rate  through  a  fixed  orifice  while  the  required  dose  of  polymer  is 
injected.   The  feed  pump/dosing  pump/orifice  plate  combination  is  a 
constant-flow  system.   Long-term  variations  in  flow  are  handled  on  a 
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Project  Description  -  continued 

small  unit  by  operating  for  a  variable  period  in  each  day;   on  a  large 
works  by  switching  feed  sets  on  an  off  as  required.   After 
f locculation ,  gentle  shear  assists  aggregation  of  the  floes  but 
turbulence  at  pipe  fittings  and  free  fall-out  of  pipe  ends  must  be 
avoided.   Therefore  the  dosing  point  is  preferably  close  to  the 
thickener  and  the  floes  are  floated  into  the  feedwell  along  an  open 
launder  lyino  in  the  water  surface.   The  attendant  will  look  into  the 
launder  to  note  the  condition  of  the  floes  and  take  any  remedial 
action  that  may  be  required. 


Operating 

and 

cost  data  (including  data  on  eff 

iciency,  results,  etc.): 

The  wrc 

water 

works  sludge  system  is  simple, 

cheap  and  reliable.   The 

sludge 

is 

cone 

entrated  into  a  thick  paste  in 

a  continuous  thickener. 

It  can 

then  be 

disposed  of  in  this  form  or  easily  processed  in  a 

filter 

press  t 

o  produce  a  solid  cake.   All  coagulants  wastes  can  be 

convert 

ed 

into 

thick  sludge  ranging  from  6% 

to  25*  solids.   The  degree 

of  thic 

kening 

depends  on  raw  water  quality, 

not  on  the  waste 

concent 

ration, 

which  usually  ranges  from  0.3 

to  4.0  g/1.   The  capital 

cost  of 

the  sy 

stem  is  30%  less  than  conventional  systems  and  savinqs 

so  far 

in 

the 

UK  have  exceeded  E3.25M.  Over 

30  water  treatment  plants 

in  the 

UK 

have 

been  modified  to  use  the  new 

technology. 

Place(s)  of  instal lation/appl ication  ( incl uding  dates): 
List  of  some  major  works  using  the  WRc  technology:- 
Font  burn.   England.   Northumbrian  Water  16Ml/d  1984 
Headley  Park.   England.   Mid  Southern  Water  Co  7Ml/d  1980 
Barconbe  Kills.   England.   Mid  Sussex  Water  Co  22Ml/d  1981 
Prewley.   England.   South  West  Water  17Ml/d  1982 
Huntingdon.  England.   North  West  Water  360Ml/d  1982 
Bough  Beach.   England.   East  Surrey  Water  Co  45Ml/d  1982 
Horsley.   England.   Newcastle  and  Gateshead  Water  Co  113Ml/d  1982 
Ballymore  Eustace.  Eire.   Dublin  Corporation  200  Ml/d  1984 
Langsatt.   England.  Yorkshire  Water  60Ml/d  1985 
Rosebury.  Scotland.   Lothian  Regional  Council  32Ml/d  1987 


Patent  staus,  if  applicable: 
No  patents  but  WRc  is  in  possession  of  considerable  know  how. 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

The  research  programme  was  carried  out  by  WRc  on  behalf  of  the  UK 
water  undertakings.   The  technology  has  been  very  successful  in  the 
United  Kingdom  and  has  won  a  Pollution  Abatement  Award.   Interest  is 
now  being  shown  outside  the  UK  and  plant  designed  in  accordance  with 
the  WRc  method  has  been  constructed  in  Eire,  New  Zealand  and  the 
United  States.   Research  work  is  currently  in  hand  to  study  the 
biological  processes  that  take  place  in  the  sludge  and  their 
contribution  to  taste  problems. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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UNITED  STATES 


Page  § 

US-1 

US-5 

US-7 

US-9 

US-11 

UNITED  STATES 


Code  #  Project  Title 

US-01         Rapid  Detection  Method   for  Coliform  Bacteria 
and   Escherichia   col i    in   Drinking  Water 

US-02         Polymeric   Inorganic  Coagulants 

US-03         Production  and  Use  of  Polymerized  Aluminum 
Species  From  Alum 

US-04         Development  of  Rapid  Small    Scale  Adsorption  Tests 

US-05         Trihalomethane  Reduction  by  Enhanced   Floe-Blanket 
Clarification 

US-06         Flotation   Studies   of  Low  Turbidity  Waters  US- 13 

Containing  Humic   Substances   and  Algae 

US-07         VOC  Destruction  by  Ozone/Hydrogen  Peroxide  Process  US-15 

US-08         The  Use  of  Membrane  Technology  for  the  Rejection  US-23 

of  THM  Precursors   and   SOCs 

US-09         Use  of  Powdered  Activated   Carbon   for  Trace  US-25 

Organics  Control 

US-10         Cascade  Air  Stripping  System  for  Removal    of  US-29 

Semi-Volatile  Organic  Contaminants 

US-11  Evaluate  and  Modify  Assimilable  Organic  Carbon  Test  US- 33 

US-12  Disinfectant  Residual   Measurement  Methods  US-35 

US-13  Disinfection  of  Bacterial   Biofilms  US-37 

US-14  Predicting  Water  Quality  in  Distribution   Systems  US-39 

US-15         Development  of  an   Internal    Corrosivity  Protocol  US-73 

For  Water  Distribution  Systems 

US-16         Radon  in  Well   Supplies:     Occurrence  and  Removal  US-101 

US-17         A  Study  of  Possible  Economical    Ways  of  Removing  US-103 

Radium  From  Drinking  Water 

US-18         Study  of  Residuals  Management  at  Water  Treatment  US-105 

Plants 

US-19         Selective  Removal    of  Radium  From  Drinking  Water  US- 107 
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US-20    Radon  Removal  Techniques  for  Community  Water  Supplies  US-109 

US-21    Jar-Filter  Coagulant  Test  US-Ill 

US-22    Rapid  Rate  Filtration  of  Low  Turbidity  Waters  US-113 

US-23    Design  and  Operation  Guidelines  for  the  Optimization  US-115 
of  the  High  Rate  Filtration  Process 

US-24    Biological  Denitrif ication  of  Groundwater  US-117 

US-25    Use  of  Membrane  Technology  to  Remove  Organics  From  US-121 
Small  Systems 

US-26    Update  on  Selected  AWWARF  Activities  US-123 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:       ILS-01 

PROJECT  DESCRIPTION 


Project  Title: 

Rapid  Detection  Method  for  Coliform  Bacteria  and  Escherichia  col i    in 
Drinking  Water 


Contact    (name  of  person,   organization,   address,   telephone) 

Stephen   C.   Edberg,   Ph.D.,   A.B.M.M. 
Director,  Clinical   Microbiology  Laboratory 
School   of  Medicine 

Yale  University,   New  Haven,  CT  06510 
(203)   785-2457 


Project   Description   (Please  attach   a   schematic  diagram   ff   appropriate) : 

The  project  was  a  national    evaluation  of  a   rapid  detection  method   ("coli- 
lert")   for  the  simultaneous  detection  and  specific  identification  of  total 
coliforms  and  _E.  col  i    in  drinking  water. 

Col i lert   is   a  formulation  of  salts,  nitrogen,  and  carbon  sources  that  are 
specific  only  to  total   coliforms.     It  provides  specific  indicator  nutrients 
ONPG   (O-Nitrophenyl-B-d-Galactopyranoside)    and  MUG   (4-Methyl umbel! if eryl- 
B-d-Glucuronide)   for  the  target  microbes,  total    coliforms,   and   E_.   coli .     As 
these  nutrients  are  metabolized,  yellow  color   (from  ONPG)   and   fluorescence 
(from  MUG)   are  released  confirming  the  presence  of  total   coliforms  and  E. 
col i ,   respectively  (see  photographs).     Non-coliform  bacteria   (heterotrophic 


plate  count  organisms)   are  chemically  suppressed  and  cannot  metabolize  the 
indicator  nutrients.     Consequently,  they  do  not   interfere  with  the  specific 
identification  of  the  target  microbes. 

Total    Coliforms  and  £.   coli    are  specifically  and   simultaneously  detected 
and    identified  at   1   CFU/100  ml    of  sample,   in  24  hours  or  less,  by  inocu- 
lating the  media  with  the  water  sample.     No  further  sample  manipulation  or 
testing   is   required. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc' 
Results  from  the  field  trials  showed: 


Sensitivity  to  a  bacterial  concentration  of  1  CFU/100  mL 

Results  in  a  maximum  of  24  hours,  most  in  the  16-18  hour  range  (see 

attached  statistical  comparison  between  standard  methods  MPN  and 

Colilert  MPN) 
Simultaneous  detection  and  identification  of  Total  Coliforms  and  _E. 

col  i 
The  dry  formulation  requires  no  refrigeration  and  has  a  long  shelf 

life 
Autoanalytical  nature  was  confirmed,  after  inoculation  of  the  water 

sample  no  further  tests  need  be  done 
It  can  be  configured  in  either  a  Presence/Absence  test  or  MPN 
Can  be  used  equally  well  by  small  and  large  utilities 
Cost  is  less  than  current  procedures 
Specific  for  the  target  microbes 
No  HPC  interference  with  the  test  results 

urthermore,  the  following  advantages  over  current  methods  were  found 
uring  the  study: 

Constancy  of  medium  formulation  throughout  the  study  and  across  the 

nation 
No  preparation  of  media 
Ease  of  reading  the  results  permits  even  the  small  utility  to  perform 

the  test 
The  procedure  is  considerably  easier  to  perform  than  either  MPN  or  MF 

by  Standard  Methods 
Reading  of  the  result  of  the  test  is  definite  and  not  susceptible  to 

subjective  interpretation 
Has  the  potential  to  be  instrumented  and  automated 


Place(s)  of  installation/application  (including  dates): 

Field  Trials  conducted  at: 

California-American  Water  Co.,  Monterey,  CA  (groundwater,  reservoirs) 

Washington  State  Laboratory,  Seattle,  WA 

West  Penn  Water  Co.,  Pittsburgh,  PA  (surface) 

Cincinnati  Water  Works,  Cincinnati,  OH  (surface) 

North  Andover,  MA  Water  Dept.  (surface  or  ground) 

South  Central  Connecticut  Regional  Water  Authority,  New  Haven,  CT 

(surface) 
Cobb  County-Marietta  Water,  Marietta,  GA 
Monmouth  WAter  Co.,  Monmouth,  NJ  (surface  and  ground) 
New  York  City  Water  Dept  (surface) 
Bridgeport  Hydraulic  Co.,  Bridgeport,  CT  (surface) 
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Patent  staus,  P   app'icaDle: 

"Colilert"  is  a  trademark  name;  mecia  formulation  non-propriatcry . 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

Project  jointly  funded  by  AWWARF  and  U.S.  EPA;  application  made  to  U.S.  EPA 
for  approval  of  "Colilert"  as  an  equivalent  method  to  either  MPN  or  MF 
Standard  Methods. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 


5l»n#r?rV!»v~:  CTarfO  !o  Calllwt    MP*  vs  MPN 
*  oca,    .      $;»i  n    .    ,qi,i..-i       ft    "a 


'l-rihtf'-t   «fi   *»»^    Jirp    •..-».. 
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Photograph  A 

Colilert  Multiple  Tube  Format  after  24-hour  incubation 
at  35 ~ C.  Tubes  1,  3,  and  5  are  positive  for  col i forms 
(yel low  color) . 


Photograph  B 

Same  Multiple  Tube  Format  as  in  Photo  A.  Tubes  1  and 
3  are  positive  for  E.  ccl i  (fluorescence)  while  tube 
5  is  negative  for  ET  col  i  (no  fluorescence). 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  f:   US -02 


Project  Title: 
Polymeric  Inorganic  Coagulants 


Contact  (name  of  person,  organization,  address,  telephone) 

Dr.  Charles  O'Melia 
The  Johns  Hopkins  University 
Charles  &  34-th  Streets 
Baltimore,  MD  21218 
Telephone:   (301)  338-7102 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

Aluminum  and  iron(III)  salts  are   common  conventional  coagulants  in  potable 
water  treatment.  They  have  come  into  widespread  use  because  of  their 
effectiveness  and  their  cost.  The  solution  chemistry  of  aluminum  and 
iron(III)  and  their  reactions  with  turbidity  and  color  have  been  studied 
extensively  and  some  clarification  of  their  properties  and  applications  has 
been  achieved.  A  recent  focus  in  potable  water  treatment  has  been  the 
preparation  and  use  of  preformed  "polymeric"  iron(III)  and  aluminum  species 
as  coagulants.*  Advantages  attributed  to  these  inorganic  polymeric  coagu- 
lants include  enhanced  removal  of  color  and  turbidity,  reduced  solubility 
(for  aluminum)  at  alkaline  pHs  ,  improved  effectiveness  at  low  temperatures, 
reduced  dosage  requirements,  lowered  sludge  production,  improved  fluoride 
removal  (for  aluminum),  and  effectiveness  in  direct  filtration.  A  concen- 
sus on  the  preparation,  nature,  and  effectiveness  of  these  materials  has, 
however,  not  been  established.  Commercial  preparations  are  becoming  avail- 
able in  the  United  States,  on  site  preparation  may  be  feasible,  and  a  study 
of  these  materials  and  their  potential  applications  is  timely. 

The  objectives  of  this  research  are  (1)  to  determine  appropriate  conditions 
for  the  preparation  of  polymeric  inorganic  coagulants,  (2)  to  identify  the 
nature  of  these  materials,  and  (3)  to  evaluate  their  applications  in 
potable  water  treatment. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 


5roject  is  nearly  completed.  Final  report  expected  Spring  1988. 


Place(s)  of  installation/application  (including  dates): 


Patent  staus,  if  applicable: 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:      US-Q5 

PROJECT  DESCRIPTION 


Project  Title: 
Production  and  Use  of  Polymerized  Aluminum  Species   From  Alum 


Contact   (name  of  person,  organization,  address,  telephone) 

Brian  A.  Demosey,  Principal    Investigator 
Pennsylvania  State  University 
212   Sackett  Building 
University  Park,   PA  16802 
814-865-1226 


Project  Description   (Please  attach  a"~schematic  diagram  if  appropriate): 

The  objectives  of  this   research  are  to  develop  methods  for  the  controlled 
polymerization  of  aluminum  sulfate. 

The  independent  variables  will   be  temperature,  dilution  factor,   hydroxy! 
ligand  number  and  time. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

Projected  savings  of  costs  in  lower  doses  and  lower  waste  handling  costs  as 
a  result. 


I 


Place(s)  of  installation/application  (including  dates): 
Lab  work  -  field  verification  planned. 


Patent  staus,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:   US-Q4 

PROJECT  DESCRIPTION 


Project  Title: 
Development  of  Rapid  Small  Scale  Adsorption  Tests 


Contact  (name  of  person,  organization, 

address , 

telephone) : 

John  C.  Crittenden,  Ph.D.,  P.E. 

Michigan  Technological  University 

Civil  Geology  Building 

College  of  Engineering 

Dept.  of  Civil  Engineering 

Houghton,  Ml  49931 

(906)  487-2798 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

Increased  attention  to  low  levels  of  organic  chemicals  in  drinking  water 
has  led  to  an  increased  need  for  their  removal.  Granular  activated  carbon 
(GAC)  is  an  effective  technique  for  oroganic  chemical  removal  but  it  can 
be  quite  expensive,  especially  if  it  is  improperly  designed.  Historical- 
ly, proper  design  of  GAC  adsorbers  has  required  expensive,  time  consuming 
pilot  scale  testing.  This  project  is  aimed  at  developing  a  rapid,  small 
scale  test  to  replace  pilot  scale  testing. 

The  rapid  small  scale  adsorption  test  (RSSCT)  should  be  able  to  simulate 
months  of  pilot  and/or  full  scale  adsorber  operation  in  several  days  with- 
out the  development  of  expensive  isotherm/benetic  data.  The  RSSCT  is  a 
small  scale  physical  model  designed  so  that  it  gives  identical  performance 
to  a  full  scale  adsorber. 

This  project  will  determine  the  proper  adsorbent  particle  size,  hydraulic 
loading,  empty  bed  contact  time  for  RSSCTs  to  simulate  full  scale 
adsorbers.  The  project  will  examine  dependence  of  surface  diffusivity  on 
particle  size,  develop  scaling  equators  and  verify  these  equations  in 
comparing  RSSCT  results  with  pilot  scale  work. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

This  project  is  ongoing  and  is  still  in  the  data  gathering  stage.  Progress 
is  being  made  but  more  work  is  required  to  determine  the  scaling  equations 

and  particle  size/diffusivity  relationship  for  various  raw  water  qualities. 


Place(s)  of  installation/application  (including  dates): 


Patent  staus,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  *:       US-05 


i 


project   1 1  tie: 

Trmaiometnane    Reduction   3y   Enhanced   Floc-blanket 
Clarification 


Contact   vnajne  of  person,  organization,  aaaress,  teieonone;: 

Edwin    Snyder  E.    Randall    Hoffman 

Manager   of    Operations  Pr©3ect  Manaaer 

Dept.    of    Puolic   Works  CK2M   HILL 

City    of    Newport    News  or                      P.O.    Bom    4400 

3  6   Reservoir   Rd.  Reston,    Virginia      22090 

NewDort    News,    Virginia  23602                   (703)     471-1441 
(804)     247-8545 


Project  Description  \Piease  attacn  a  scnematic  ciagram  if  appropriate; 


See  Project  Description  on   reverse  side  of  this   page. 
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The  City  of  Newport  News,  Virginia  is  constructing  a  new  25  mgd 
water  treatment  plant  which  will  be  placed  into  operation  in  the 
summer  of  1988.  In  planning  the  new  Harwood  s  Mill  plant,  tne 
City  and  it* a  consultant  developed  a  goal-oriented  strategy  to 
meet  current  as  well  as  potential  future  arinicing  water 
regulations  which  are  in  a  dramatic  state  of  flux. 

A  primary  strategy  was  to  incorporate  the  process  flexibility  to 
reduce  the  total  trihalomethane  (TTHM)  content  of  the  treated 
water  to  the  extent  that  may  be  necessary  under  anticipated 
future  EPA  regulations,  a  range  of  .025  to  .075  mg/1  compared  to 
the  m-esent  standard  of  .10  mg/1-  Floc-blanket  clarification, 
us^ng  Infilco  Degremont  Inc. 's  Superpulsator  clarifier  system, 
was  selected  as  the  primary  clarification  process.  Tnis  process 
is  well  suited  to  -creating  the  reservoir  water  wmcn  has  a 
moderate-to-high  color  and  TOC  content.  The  floc-blanket  process 
wa=  also  selected  due  to  the  anticipated  flexibility  to  acbievea 
enhanced  TTIIM  reduction  if  necessary  through  (a)  low  pH 
coagulation,  (b)  addition  of  powdered  activated  carbon  (PAC),  ana 
( c ) pre-ozonation. 

A  14-month,  three-phased  pilot  study  was  conducted  concurrent 
with  the  design  development  in  part  to  evaluate  the  potential  tor 
enhanced  TTHM  reduction  through  use  of  the  floc-blanket  process 
with  the  variations  noted  above.  Both  PAC  addition  (approx.  25 
mg/1)  and  preozonation  (approx.  0.1  mg/mg  TOC)  were  individually 
demonstrated  to  provide  enhanced  TTHM  reduction,  with  maximum 
enhancement  demonstrated  with  simultaneous  dosage,  in  combination 
with  coagulation  at  pH  6.  Such  enhance  treatment  appears  capable 
of  producing  system  TTHM  values  as  low  as  .050  mg/1  TTHM  «^reas 
conventional  treatment  would  result  in  near  0.  10  mg/1  TTHM.  use 
of  g-anular  activated  carbon  was  evaluated  as  a  means  o± 
achieving  lower  TTHM  values,  and  was  shown  to  be  effective, 
particularly  in  combination  with  preozonation  ahead  o±  tne 
carbon. 

The  initial  plant  construction  will  provide  for  enhanced  floc- 
blanket  clarification  with  low  PH  coagulation  and  PAC  addition 
capabilities.  In  addition,  provisions  are  included  to  readily 
incorporated  ozonation  and  granular  activated  carbon  treatment 
should  such  become  necessary  or  desirable.  The  plant  will 
include  permanent  pilot  plant  facilities  for  routine  process 
optimization,  as  well  as  additional  research  regarding  enhanced 
floc-blanket  clarification  and  granular  activated  camon. 

The  City  has  no  current  plans  to  apply  for  a  patent  for  the 
enhanced  floc-blanket  processes. 
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EMERGING  HATER  SUPPLY  TECHNOLOGY  AWWARF  Code  *:      US-Q6 

PROJECT  OESCRIPHON 


Project   iitie. 


Flotation  Studies  of  Low  Turbidity  Waters  Containing  Humic  Substances 
and  Algae 


Contact  (name  of  person,  organization,  address,  telephone): 

Kim  R.    Fox,   Drinking   Water  Research  Division,    Water  Enginering   Research 
Laboratory,    U.S.    EPA,    Cincinnati , OH  45268    (Tel    (513)    569-7820 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

This  project  will  investigate  dissolved  air  flotation  (DAF)  as  a 
drinking  water  treatment  method.   The  primary  objectives  of  the  study  are 
(1)  to  examine  DAF  for  the  removal  of  particulates  from  water  supplies 
and  to  compare  its  performance  with  conventional  water  treatment  of 
coagulation-flocculation  followed  by- gravity  settling,  and  2)  to  examine 
DAF  for  removal  of  organic  matter  including  color,  total  organic  carbon, 
trihalome thane  precursors,  and  total  organic  halide  precursors  and  to 
compare  its  performance  with  conventional  treatment  of  coagulation  floc- 
culation  followed  by  gravity  settling. 

The  study  approach  involves  laboratory  studies  (Phase  I)  with  model 
raw  waters  and  field  related  studies  (Phase  II)  with  actual  water  sup- 
plies.  The  types  of  waters  selected  for  the  study  have  been  chosen  so 
the  results  of  the  research  will  apply  to  water  supplies  with  low  tur- 
bidity, water  supplies  that  contain  natural  color  (humic  substances), 
and  water  supplies  with  seasonal  algal  problems.   The  results  of  this 
research  will  be  of  interest  to  communities  which  need  to  build  new  wa- 
ter treatment  plants  and  are  seeking  an  economical  alternative  to  conven- 
tional type  water  treatment. 
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Operating   ana  cost  data   (including  data  on  efficiency,   results,  etc.): 

Data  will    be   collected   during    the   course   of    the    probject    to   evaluate 
the   effects   of   raw  water   quality   ( ie   turbidity,    particle   counts,   algal 
cell   counts,   and   temperature)    on  dissolved   air   flotation.      Various   other 
operating    parameters   such   as   coagulant    type   and   dosages,    pH,    recycle 
ratio,    flocculation   time,   and  pressure  will   also   be  evaluated. 


Placets)  of  installation/application  (including  dates) 

University  of  Massachusetts 
Amherts,  Mass. 
9/1/85  -  2/29/88 


Patent  staus,  if  applicable: 

NONE 


Other 

information  (e.g 

. ,  funding 

source,  cooperating 

agencies. 

etc.): 

Cooperative  Agreement: 

U.S.  EPA  and  University  of 

Massachusetts 

CR  812639 

Princi 

pal  Investigator: 

Dr.  James 

K.  Edzwald,  Un. 

of 

Massachusetts 

Project  Officer:   Kim  R. 

Fox,  U.S. 

EPA,  WERL 

If  available  attach  descriptive  puol ications,  technical    literature, 
manufacturers'    specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #: 


US-07 


j  Project 

r  1 1 1 e : 

VOC  Destruction 

by 

Ozone/Kydrogen 

Peroxide 

Process 

Contact  (name  of  person,  organization,  address,  telephone): 

Dr.  William  K.  Glaze 

Environmental  Science  and  Engineering  Department 
University  of  California,  Los  Angeles,  CA  90024 
(213)  206-1278 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate] 

Packed  tower  aeration  (PTA)  and  granular  activated  carbon  (GAC)  have 
historically  been  utilized  for  control  of  volatile  contaminants.   In  some 
locations,  however,  contaminant  transfer  to  other  media  necessitate  off 
gas  control  with  PTA  or  special  handling  for  spent  GAC.   In  those  loca- 
tions, a  destructive  technology  would  be  a  desirable  alternative.   The 
application  of  ozone  in  conjunction  with  hydrogen  peroxide  has  been  found 
to  be  very  effective  for  destruction  of  trichloroethylene  (TCE)  and 
tetrachloroethylene  (PCE)  in  Los  Angeles  groundwater. 

In  laboratory  and  pilot  studies,  a  70  L  stainless  steel  stirred  tank 
reactor  (attached  Figures  4A  and  4B)  was  utilized.   It  was  fitted  for 
ozone  (03)  feed,  UV  lamps,  hydrogen  peroxide  (H202)  feed,  03  inlet  and 
off  gas  monitoring  and  liquid  sample  collection.   These  advanced  oxida- 
tion techniques  employing  oxidants  and  UV  are  designed  to  produce  hydroxyl 
radical,  a  specie  that  will  react  readily  with  organic  contaminants. 
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Operating  "and"  cost  data  (including  data  on  efficiency,  results,  etc.)- 


See  Attachment 


i 

I 


Placet 

bench 
pilot 

S)  Of 

scale: 
scale: 

instal 1 ation/appl ication 

UCLA  (see  contact)  Octot 
Los  Angeles  Dept.  Water 
(see  funding  below)  May 

( incl uding  dates) : 

jer  1986-present 
Power 
1987-present 

Patent  staus,  if  appiicaole: 

Not  applicable 


Other  information  (e.g.,  funding  source,  cooperating  agencies, 

etc . ) : 

funding:  U.S. EPA,  Drinking  Water  Research  Division 

Cincinnati,  OH  45263 

Richard  J.  Miltner  (513)569-7403 

Los  Angeles  Department  of  Hater  and  Power 

,Los  Angeles,  CP  90051 

Laurent  McReynolds  (213)431-4211 

If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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Operating  and  Cost  Data: 

Los  Angeles  groundwater  was  treated  in  the  apparatus  described  by  O3 , 
UV,  O3/UV,  O3/H2O2  and  f^CVj/UV.   Kinetic  studies  were  conducted  for  each 
treatment  scheme.   O3/H2O2  and  O3/UV  were  found  to  be  the  most  effective 
schemes  for  control  of  TCE  under  the  conditions  studied.   Kinetic  data  are 
plotted  in  Figures  A-l  and  B-l,  respectively.   These  data  indicate  that  for 
90  and  99  per  cent  removal  of  TCE,  13  and  26  min  rain  contact  time  respec- 
tively would  be  required  for  each  of  the  two  schemes  at  5.4  mg/L  (15  rag/min) 
O3  dose.   With  ozone  normalized  at  5.4  mg/L,  the  advantage  of  peroxide  is 
evident.   For  99  per  cent  removal  of  TCE,  5.4  mg/L  H2O7  would  be  required 
in  the  O3/H2O0  scheme,  whereas  0.57  watts/L  would  be  required  in  the  O3/U 
V  scheme.   Comparing  projected  costs  for  both  H2O0  chemical  and  power  for 
TIV  lamps  at  $0.06/kwhr,  a  35  per  cent  cost  savings  results  with  the  selec- 
tion of  H202,  i.e.,  $0,035  vs.  $0,054/1000  gallons  at  1.0  mgd.   Total  costs 
of  O3/H2O2  are  anticipated  to  compare  favorably  with  GAC  and  with  PTA 
utilizing  GAC  off  gas  control. 

For  comparative  purposes,  99  per  cent  removal  of  TCE  utilizing  O3 
alone  at  5.4  mg/L  would  require  more  than  90  rain  contact  time. 

Pilot  studies  are  underway  with  O3/H2O2  examining  nretreatment  to 
produce  a  matrix  favorable  to  hvdroxyl  radical.   Initial  work  with  soften- 
ing to  lower  bicarbonate  ion,  a  hydroxvl  scavenger,  indicates  TCE  destruc- 
tion significantly  greater  than  that  given  in  Figure  A-l. 
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FIG.  A-l  :  RATE  DATA  FOR  OXIDATION  OF  TCE  WITH  03/H202  SYSTEM 
(  03  DOSE  :  14.9  mg/min  ) 
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FIG.    B-l    :    RATE   DATA   FOR   OXIDATION   OF   TCE   WITH   O3/UV   SYSTEM 
(   03   DOSE   :    15.1  mg/niin  ) 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  i:         US -08 


Project  Title: 

The  Use  of  Membrane  Technology  for  the  Rejection  of  THM  Precursors  and 
SOCs 


Contact    (name  of  person,   organization,   address, 

telephone) : 

J.S.   Taylor,  Ph.D.,   P.E. 

CEES  Department 

University  of  Central   Florida 

Orlando,   FL  32816 

(305)    275-2841 

i 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

Florida,  as  many  other  states,  has  high  trihalomethane  precursors  in  many 
potable  water  supplies  most  of  which  have  relied  on  chloramination  to 
control  THMs  to  less  than  the  MCL.  This  practice  has  resulted  in  a  more 
colored  than  desirable  finished  wafer  and  THMs  slightly  less  than  the  MCL. 
The  projected  decrease  in  the  THM  MCL  will  require  many  suppliers  to  seek 
new  technologies  for  meeting  the  THM  and  color  regulations.  Additionally, 
the  advent  of  SOC  regulations  in  the  amended  drinking  water  regulations 
make  some  form  of  new  technologies  mandatory  in  the  treatment  of  drinking 
water. 


This  project  is  primarily 
removal  of  organic  contami 
Alachlor,  Methoxychlor,  He 
contaminants  that  have  and 
corresponding  organic  wate 
dependent  on  operating  pre 
The  impact  of  product  reco 
cost  is  being  evaluated. 
degree  of  pretreatment  req 
tive  of  this  project  is  to 
order  to  utilize  membrane 
contain  high  concentration 
in  finished  wate'-  quality 
being  evaluated.  Finally, 
membrane  was  evaluated  for 


for  the  evaluation  of  membrane  processes  for  the 
nants.  Color,  TOC,  THMFP,  TOXFP,  EDB,  Chlordane, 
ptachlor  and  Dibromochloropropane  and  the  organic 

will  be  evaluated  to  date.  In  addition  the 
r  quality  is  recorded.  Any  membrane  processes  is 
ssure  and  product  recovery  for  cost  of  operating, 
very  and  operating  pressure  on  water  quality  and 
Additional  cost  impact  is  controlled  by  the 
uired  prior  to  actual  membrane.  A  primary  objec- 

determine  the  degree  of  pretreatment  required  in 
processes  for  surface  or  ground  waters  that 
s  of  natural  organics.  Additionally,  the  change 
from  membranes  after  use  in  such  supplies  is 

the  required  pore  size  or  "tightness"  of  a 

meeting  the  THM  regulation. 
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Operating  and  cost  data   (including  data  on  efficiency,    results,   etc.): 

Operating  data  to  date  indicates  that  membranes  processes  can   reject 
natural    organic  THM  precursors  more  effectively  than  any  other  unit   process 
utilized  for  water  treatment.     Pilot  plant   installations  at  the  Village  of 
Golf  Acme   Improvement  District,   Lee  County  and   Flager  Beach,   all    in 
Florida,   have  shown  membrane  with  a  molecular  weight  cutoff  of  400  opera- 
ting at  pressures  less  than  150  psi   and  75"    recovery  will   reject  90+%  of 
the  THM  precursors  and  100%  of  the  visible  color.     These  membranes  are 
referred  to  as  nanofilters  and  are  more  similar  to  reverse  osmosis 
membranes  as  opposed  to  ultraf liters.     However,   operating  with  a  true  R0 
membrane  at  pressure  higher  than  200  psi   did   not   increase  organic   rejection 
but  did   increase  inorganic  rejection.     Cost  of  a  membrane  plant  is 
apDroximately  $0.50  to  $1.10/1000  gal   for  operation  and  $0.70  to  $1.00/gal 
for  capital   cost. 


Place(s)  of  install  at ion/appl i cation  "(including  dates): 

Water  Treatment   Plants  of: 

Village  of  Golf,   FL;   September  1984-December  1984 

Acme   Improvement  District,  Loxahatchee,  FL;   January  1985-March   1985 

Lee  County,   Fort  Meyers,   FL;    February  1985-March   1985 

Flagler  Beach,   FL;  October  1986-October  1987 


Patent   staus,  "inapplicable: 


Other  information   (e.g.,   funding  source,   cooperating  agencies,   etc.) 

USEPA 

WERL  DWRD 

26  West  St.  Clair  St. 

Cincinnati ,  OH  45268 


If  available  attach  descriptive  publications,   technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  f:    US-QQ 

PROJECT  DESCRIPTION 


Project  Title: 
Use  of  Powdered  Activated  Carbon  for  Trace  Organics  Control 


Contact  (name  of  person,  organization,  address,  telephone) 

Vernon  L.  Snoeyink,  Ph.D.,  Professor 

Dept.  of  Civil  Engineering 

University  of  Illinois  at  Champaign-Urbana 

208  North  Roinine 
Urbana,  IL  61801 
(217)  333-4700 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

This  AWWARF  sponsored  project  is  being  conducted  by  thef*University  of 
Illinois  at  Champaign-Urbana,  in  cooperation  with  Lyonnaise  des  Eaux.  The 
overall  objective  of  the  project  is  to  improve  the  cost-effectiveness  of 
powdered  activated  carbon  (PAC)  for  trace  organics  control .  The  water 
quality  problems  for  which  PAC  is  oest  suited  will  be  identified  and  prom- 
ising ways  of  applying  PAC  to  achieve  contaminant  removal  will  be  identi- 
fied. Specifically,  the  way  PAC  is  currently  used  will  be  analyzed, 
including  the  removals  that  are  achieved;  the  impact  of  water  quality 
conditions  and  variability,  plant  design,  and  plant  characteristics  on  the 
effectiveness  of  PAC;  the  cost  of  PAC  application;  and  the  best  pre-  and 
post-treatment  to  use  in  conjunction  with  PAC  application.  The  effect  of 
coagulants  and  polyelectrolytes  on  the  kinetics  of  adsorption  and  equilib- 
rium capacity  of  PAC,  and  the  impact  of  these  effects  on  the  best  point  of 
PAC  addition  in  a  treatment  plant  will  be  determined.  The  efficiency  of 
PAC  adsorption  of  synthetic  organic  chemicals  and  total  organic  carbon  in  a 
laboratory  floe  blanket  reactor  will  also  be  investigated  (see  attached 
schematic).  A  field  test  of  the  floe  blanket  reactor  is  planned  at  several 
water  utilities. 


The  project  began  January  5,  1988  and  will  continue  through  May  1990. 


._ 
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Place(s)  of  installation/application  (including  dates): 

The  floe  blanket  reactor  will  be  field  tested  at  two  or  more  Illinois  water 
utilities. 


Patent  staus,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

$100,000  AWWARF  Funding 

$  84,000  Lyonnaise  des  Eaux  funding 


If  available  attach  descriptive  publications,  technical  1 iterature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #: 


US-10 


Project  Title: 


Cascade  Air  Stripping  System  for  Removal    of  Semi-Volatile  Organic 
Contaminants 


Contact  i.name  of  person,  organization, 

address , 

telephone; : 

Dr.  Richard  E.  Speece 

Drexel  University 

Department  of  Civil  Engineering 

Philadelphia,  PA  19104 

(215)  895-2267 

I 
I 


Project  Description   (Please  attach  a  schematic  diagram  if  appropriate): 

This   project  will    determine  the  practical    viability  of  a  novel    counter- 
current  packed  tower  cascade  air  stripping  system  (see  attached   schematic! 
Preliminary  modeling  results   indicate  the  system  may  be  economically  and 
technically  feasible  for  the  efficient   removal    of  semi-  and   low-volatile 
organic  chemicals.     The  hydraulics,  mass  transfer,   and  pressure  loss 
characteristics  of  the  cascade  air  stripping  system  will   be  determined 
through  pilot  plant  scale  testing.     The  preliminary  mathematic  model   will 
be  refined  and  validated  using  the  pilot  plant  results.     Procedures  for  the 
design  and  scale-up  of  the  cascade  system  will    result   from  the  study. 


The  project  began  September  1,    1987   and  will    end  August  31,    1988. 
report  on  the  project  is  expected  to  be  available  by  late  1988. 


A  final 


US- 29 


Operating  and  cost  data  (including  data  on"  efficiency,  results,  etc.) 


Placets)  of  installation/application  (including  dates): 


Patent  stausV  if  applicable: 


Other  information  (e.g., 

funding  source, 

cooperating  agencies, 

etc.): 

$48,000  AWWARF  funding 
$12,000  Drexel  funding 

(Project  #327) 

If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AHWARF  Code  *:         US-11 

PROJECT  DESCRIPTION 


Project  Title: 
Evaluate  and  Modify  Assimilable  Organic  Carbon  Test 


Contact  (name  of  person,  organization,  address,  telephone) 

Don  Reasoner   (513)   569-7234 

Gene  Rice   (513)  569-7204 

Water  Engineering  Research  Laboratory 

US  EPA 

26  W.   Martin  Luther  King  Drive 

Cincinnati  ,  OH  45268 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

Two  projects   are  under  way  at  EPA-Cinci nnati   related  to  measures  of 
assimilable  organic  carbon    (AOC).      When   lab  techniques   are  working 
satisfactorily  we  will   try  to   compare  col i  form   growth  in  distribution 
systems   to  AOC  of  water  entering  the  systems. 


us-3; 


Operating  and  cos*  data   (including  data  on  efficiency,   results,   etc.) 


None  available. 


Placeis)   of  installation/application   ( including  dates) 
Work  underway  at  EPA-DWRD  Laboratory  in  Cincinnati. 


Patent  staus,  if  applicable: 

N/A 


If  ava-ilab'e  attach  descriptive  puolications,  technical   literature, 
manufacturers'    specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:    US-12 

PROJECT  DESCRIPTION 


Project  Title: 
Disinfectant  Residual  Measurement  Methods 


Contact  (name  of  person,  organization,  address,  telephone) 

Gilbert  Gordon 
Dept.  of  Chemistry 
Miami  University 
Oxford,  OH  45056 
(513)  529-3336 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

This  project  reviewed  and  summarized  all  disinfectant  residual  measurement 
techniques  currently  available  for  free  chlorine  (along  with  the  various 
chloramines) ,  combined  chlorine,  chlorite  ion,  chlorine  dioxide,  chlorate 
ion,  and  ozone.  The  final  report  includes  not  only  the  review  of  measure- 
ment techniques,  but  also  guidance  and  recommendations  as  to  what  criteria 
water  utilities  should  use  in  selecting  residual  monitoring  techniques. 

This  project  involved  a  comprehensive  examination  of  literature  on  analyti- 
cal methods  used  by  analytical  laboratories  and  water  utilities  worldwide, 
to  elaborate  on  the  various  problems,  advantages,  disadvantages,  and  known 
interferences  for  each  analytical  method.  The  report  describes  the  rela- 
tive usefulness  of  each  method  along  with  know  interferences  (turbidity, 
organic  matter,  ionic  materials,  solids,  color,  buffering  capacity)  as  well 
as  the  nature  of  the  sample  and  the  time  between  collection  of  the  sample 
and  the  actual  analysis.  It  was  emphasized  that  almost  invariably  each  of 
the  methods  described  is  based  on  the  total  oxidizing  capacity  of  the 
solution  being  analyzed,  and  is  readily  subject  to  interferences  from  the 
presence  of  other  potential  oxidizing  agents  or  intermediates  from  concomi- 
tant chemical  reactions.  Under  ideal  conditions  some  of  the  methods  are 
accurate  to  better  than  +  one  percent  -  especially  in  the  absence  of  common 
interferences  -  whereas  other  methods  are  almost  semi-quantitative  with 
many  common  species  interfering  with  both  the  precision  and  accuracy  of  the 
measurements. 

The  report  describes  in  detail  an  "ideal"  analytical  method.  Specific 
items  included  in  this  "Ideal  Method"  are  accuracy,  precision,  reproduci- 
bility, lack  of  interferences,  ease  of  use,  and  lack  of  false-positive 
values. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

The  drinking  water  and  wastewater  industries  can  use  the  report  to  deter- 
mine which  analytical  method(s)  should  be  used  to  measure  different  oxi- 
dants. By  selecting  the  most  accurate  and  interference-free  analytical 
method,  the  industry  can  confidently  purchase  or  upgrade  the  required 
analytical  equipment. 

The  report  specifically  identifies  which  methods  are  "recommended,"  "not 
recommended,"  or  should  be  "abandoned"  for  both  laboratory  and  field 
applications.  The  report  is  recommended  as  a  companion  document  to 
Standard  Methods  for  the  Examination  of  Water  and  Wastewater. 


Piace(s)  of  installation/application  (including  dates) 


Patent  staus ,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

This  816-page  report  is  available  in  an  abbreviated  version  entitled  "A 
Survey  of  the  Current  Status  of  Residual  Disinfectant  Measurement  Methods 
for  All  Chlorine  Species  and  Ozone." 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 


US-36 


EMERGING  HATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:    US-13 

PROJECT  DESCRIPTION 


Project  Title: 

Disinfection  of  Bacterial  Biofilms 


Contact  (name  of  person,  organization,  address, 

telephone) : 

Mark   W.    LeChevallier,    Ph.D. 

American   Water   Works    Service   Co. 

1115    South    Illinois    Street 

Belleville,    IL.       62220 

(618)   235-3600 

Project  Description  (Please  attach  a  scnematic  diagram  if  appropriate): 

Experience  has  shown  that  maintenance  of  a  free  chlorine 
|  residual  cannot  be  relied  on  to  totally  prevent  coliform 
occurrences.   Indicator  bacteria  have  been  isolated  from 
drinking  water  containing  as  much  as  12  mg/L  free  chlorine 
residual.   This  levels  of  resistance  is  thought  to  be  due  to 
attachment  of  bacteria  to  pipe  surfaces.   Clearly,  disinfection 
theory  of  bacteria  attached  to  pipe  surfaces  needs  to  be  re- 
examined. 

The  current  project  was  developed  to  examine  disinfection 
of  biofilm  bacteria  and  to  characterize  the  interaction  of 
!  biocides  with  pipe  surfaces.   Disinfection  of  unattached 
j  bacteria  yielded  results  similar  to  those  found  by  other 
I  investigators.   Unattached  bacteria  were  quite  susceptible  to 
I  the  variety  of  disinfectants  tested.   Viable  bacterial  counts 
were  reduced  99  percent  by  exposure  to  0.08  mg/L  free  chlorine 
residual  (pH  7.0,  1-2 °C)  for  one  minute.   For  monochloramine, 
94  mg/L  was  required  to  kill  99  percent  of  the  bacteria  within 
one  minute. 

Biofilm  bacteria  grown  on  the  surfaces  of  granular 
activated  carbon  particles,  metal  coupons  or  glass  microscope 
slides  were  150  to  more  than  3,000  times  more  resistant  to 
hypochlorous  acid  (free  chlorine)  than  unattached  cells.   In 
contrast,  resistance  of  biofilm  bacteria  to  monochloramine 
disinfection  ranged  from  2  to  100  fold  more  than  unattached 
j  cells.   The  results  suggested  that  relative  to  disinfection 
I  of  unattached  bacteria,  monochloramine  was  better  able  to 
penetrate  and  inactivate  biofilm  bacteria  than  free  chlorine. 
For  free  chlorine,  the  data  indicated  that  transport  of 
chlorine  into  the  biofilms  was  a  major  rate  limiting  factor. 
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Because  transport  was  rate  limiting,  increasing  the  level  of  free 
chlorine  did  not  increase  disinfection  efficiency.   Experiments 
where  equal  weights  of  disinfectants  were  used  indicated  that  the 
greater  penetrating  power  of  monochloramine  compensated  for  its 
limited  disinfection  activity.   These  studies  showed  that  mono- 
chloramine was  as  effective  as  free  chlorine  for  disinfection  of 
biofilm  bacteria. 

Experiments  showed  that  attachment  of  bacteria  to  surfaces 
provided  the  greatest  increase  in  disinfection  resistance.   Other 
mechanisms  which  increased  disinfection  resistance  included:   the 
age  of  the  biofilm,  bacterial  encapsulation  and  previous  growth 
conditions  (e.g.  growth  medium,  growth  temperature) .   These  factors 
increased  chlorine  resistance  from  two  to  ten  fold.   Importantly, 
the  research  showed  that  these  mechanisms  were  multiplicative  (e.g. 
that  the  resistance  conferred  by  encapsulation  could  be  multiplied 
by  the  resistance  gained  by  attachment  to  surfaces).   Given  these 
results,  it's  easy  to  understand  how  bacteria  can  survive  in 
chlorinated  drinking  water  supplies. 

Over  the  past  several  years,  some  utilities  have  reported 
some  successes  using  unconventional  biocides  for  control  of  coliform 
occurrences.   Research  conducted  in  this  study  showed  that  copper, 
zinc,  sodium  chlorite  and  alkaline  pH  has  some  effect  on  unattached 
bacteria,  but  little  activity  against  biofilm  bacteria.   Some 
discussion  is  presented  regarding  concerns  about  applying  heavy 
metals  as  bacterial  biocides. 

The  research  presented  in  this  report  report  provide  important 
insights  into  strategies  to  control  biofilm  bacteria.   The  research 
indicates  that  high  levels  of  monochloramine  may  be  effective  for 
biofilm  control.   This  approach  could  also  produced  secondary 
benefits  such  as:   minimized  taste  and  odor  problems,  lower 
trihalomethane  (THM)  formation,  reduced  pipeline  corrosion,  and 
less  sloughing  of  debris  from  the  pipe  surface.    Monochloramines 
will  also  provide  a  more  stable  disinfectant  residual  in  dead-end 
lines . 

Important  research  still  remains  to  be  completed  to  determine 
how  to  optimize  disinfection  of  distribution  system  biofilms.   While 
the  current  work  suggest  that  certain  properties  of  monochloramine 
allows  it  to  better  penetrate  biofilms,  experiments  still  not  to  be 
performed  to  determine  the  appropriate  dose,  pH,  and  the  impact  of 
temperature  of  disinfection.   Considerations  should  also  include  the 
microbiology  and  the  types  of  nutrients  in  the  distribution  system. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:       US-14 


Project  Tule: 
Predicting  Water   Quality   in  Distribution  Systems 


Contact  (name  of  person,  organization, 
Robert  M.  Clark 

aodress, 

telepnonej : 

1  Water  Engineering  Research  Laboratory 
USEPA 

26  W.  Martin  Luther  King  Drive 

Cincinnati,  Ohio  45268 
(513)569-7201 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

EPA's  Drinking  Water  Research  Division  has  initiated  a  research  project 
in  conjunction  with  the  North  Penn  Water  Authority  to  develop  and  verify 
mathematical  models  for  predicting  water  quality  in  a  drinking  water  dis- 
tribution system. 

The  first  step  in  modeling  the  North  Penn  Water  Authority  water  distribu- 
tion system  was  to  represent  it  as  a  link-node  network  using  EPA's  Water 
Supply  Simulation  Model  (WSSM).   In  this  representation  of  the  system, 
the  characteristics  of  tanks,  pumps,  valves  and  major  water  pipes  are 
stored  in  WSSM  and  are  available  for  modeling,  display,  reports,  and 
analysis.   Selection  of  major  pipes  for  inclusion  In  the  representation 
of  the  system  is  partially  subjective  but  dependent  upon  pipe  size, 
location  of  major  demands  and  water  quality  sampling  sites,  and  general 
importance  of  the  pipe  to  the  operation  of  the  system.   In  all,  the 
system  is  represented  by  528  links  and  456  nodes.   Only  the  major  con- 
nected network  is  included  (i.e.,  North  Penn's  isolated  satellite  systems 
are  not  represented). 

A  hydraulic  model  used  to  simulate  the  physical  behavior  of  the  water 
distribution  system  was  developed  'by  the  U.S.  Army  Corps  of  Engineers  is 
referred  to  as  the  WADISO  Model.   For  purposes  of  calibration  and  sensi- 
tivity analysis,  both  the  steady  state  and  dynamic  options  of  the  WADISO 
Model  were  used.   Four  water  quality  prediction  models  were  developed. 
One  Is  a  steady  state  model  based  on  a  steady  state  hydraulic  solution 
and  the  calculation  of  a  mass  balance  at  each  node  in  the  network.   The 
second  is  a  quasi-steady  state  model  that  attempts  to  simulate  water 
quality  changes  for  riiffereat  time  periods.   The  third  is  a  contaminant 
propagation  model  that  traces  contaminants  through  the  system  and  the 
fourth  is  a  trace  dynamic  model  based  on  a  "marching  out"  solution.   A 
continuous  automated  sampler  is  also  under  development. 
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Operating  ana  cos*  data  (including  cata  on  efficiency,  results,  etc.]  • 

All  four  of  the  models  have  yielded  excellent  results  when  tested  against 
available  data.   The  steady  state  model  was  tested  against  routine  moni- 
toring data.   An  intensive  36  hour  data  collection  study  at  six  points  in 
the  distribution  system  was  used  to  validate  the  quasi-steady  state, 
contaminant  propagation  and  dynamic  models.   All  of  the  models  predicted 
the  propagation  of  trihalomethanes ,  chloroform,  and  hardness  throughout 
the  system.   In  addition  to  the  modeling  and  verification,  a  continuous 
automated  volatile  organic  chemical  sampler  has  been  developed  using  a. 
patented  EPA  copying  system  and  a  commercial  sampler.   Partial  documenta- 
tion of  the  models  is  available  upon  request  from  the  USEPA. 


Place(s)  of  instal  lati'on/appl  ication  (including  dates'): 
North  Penn  Water  Authority,  P.O.  Box  591,  Lansdale,  PA  19446,  USA 

Drinking  Water  Research  Division,  WERL,  USEPA,  26  W.  Martin  Luther  King 
Drive,  Cincinnati,  OH  45268,  USA 


Patent  staus,  if  applicable: 
Not  Applicable 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

This  project  is  being  conducted  in  cooperation  with  the  North  Penn  Water 
Authority.   The  Project  Officer  is  Robert  M.  Clark  of  EPA's  Drinking  Water 
Research  Division  and  the  Principal  Investigator  is  Judith  A.  Coyle 
of  the  North  Penn  Water  Authority. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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Developing  and  Applying 

the  Water  Supply  Simulation  Model 


Robert  M.  Clark  and  Richard  M.  Males 


The  Water  Supply  Simulation  Model  is  a  series  of  computer  programs  that  allows  for 
evaluation  of  the  physical  and  economic  characteristics  of  a  water  distribution  system  in  a 
spatial  framework.  Development  of  the  model  and  its  application  to  the  water  supply  system  of 
the  village  of  New  Vienna.  Ohio,  are  described. 


Passage  of  the  Safe  Drinking  Water 
Act  has  intensified  interest  in  problems 
related  to  water  supply  and  water  utility 
management.  Analysis  of  the  regulations 
to  be  promulgated  under  the  act  indicates 
that  some  water  utilities,  particularly 
small  ones,  may  be  adversely  affected 
economically.1  An  often-suggested  option 
is  thai  small  systems  combine  with  a 
larger  system  to  form  a  regional  water 
supply  utility.  It  is  assumed  that  the 
economies  of  scale  associated  with  a 
regional  water  system  would  benefit  the 
customers  of  small  systems. 

A  characteristic  of  many  production 
and  transportation  problems  is  the 
trade-off  between  the  cost  of  building 
and  operating  facilities  to  meet  demands 
for  a  product  and  the  cost  of  transpor- 
tation.-' High  transportation  costs  and 
low  facility  costs  indicaw  decentraliza- 
tion: the  reverse  situation  indicates  a 
few  large  central  facilities.  These  costs 
must  be  considered  in  planning,  design- 
ing, constructing,  and  operating  water 
supply  systems. 

It  is  possible  to  separate  the  water 
supply  system  physically  into  two  com- 
ponents: (1)  the  acquisition  and  treat- 
ment function,  and  (2)  the  delivery 
(transmission  and  distribution)  system. ' 
Each  of  these  components  has  a  different 
cost  function.  The  unit  costs  associated 
with  treatment  facilities  are  usually 
assumed  to  decrease  as  the  quantity  of 
service  provided  increases.  The  delivery 
system,  however,  is  more  directly  af- 
fected by  the  characteristics  of  the  area 
beingserved.  Thecosi  tradeoffs  between 
the  two  components  determine  the  cost 
of  delivering  water  to  any  portion  of  the 
service  area. 

Because  few  analytical  instruments 
are  available  for  study  of  the  economics 
of  water  supply  systems,  the  US  En- 
vironmental Protection  Agency's  Drink- 
ing Water  Supply  Research  Division 
initiated  a  program  todevelop  techniques 
and  methodologies  to  evaluate  the  eco- 
nomics of  regional  systems.  This  article 
describes  the  development  of  a  simula- 
tion model  designed  to  aid  in  such  an 
evaluation.  The  model  can  also  provide 
insights  into  other  water-related  eco- 
nomic issues,  such  as  spatial  pricing  and 


costing,  conservation  policies,  operating 
improvements  versus  increased  capital 
expenditure,  user  class  subsidization, 
and  fire  protection  capacity. 

The  model,  called  the  Water  Supply 
Simulation  Mode!  (WSSM).  incorporates 
a  series  ol  submodels  to  describe  the 
various  economic,  demographic,  and 
hydraulic  aspects  of  a  water  utility. 

Model  structure 

The  WSSM  (Figure  1)  is  based  on  the 
concept  of  a  water  utility  as  a  network 
providing  service  to  a  series  of  demands 
that  are  spatially  distributed.  The  model 
can  be  used  to  analyze  the  costs  of 
delivering  water  to  these  demand  points. 
The  service  network  is  modeled  as  a 
link-node  network,  and  it  is  assumed 
that  water  enters  and  leaves  the  system 
only  at  the  nodes,  which  represent 
treatment  plants,  junctions,  demand 
locations,  and  storage  tanks.  Water  is 
carried  between  the  nodes  through 
connecting  links  (pipes).  Costs  are  allo- 
cated to  the  various  facilities  and  system 
components  based  on  the  amount  of  flow 
carried  by  that  component. 

The  WSSM  therefore  requires  that 
the  water  delivery  and  treatment  system 


be  described  as  a  network  of  pipes, 
storage  tanks,  treatment  plants,  de- 
mands, and  other  hydraulic  elements. 
Information  concerning  the  network  is 
stored  in  a  network  data  base,  including 
descriptive  or  calculated  information 
about  each  element,  such  as  size  of  pipe, 
geographic  location  of  each  demand, 
population  associated  with  a  demand, 
and  connectivity  of  pipes  (how  one  pipe 
is  connected  to  another). 

As  a  aata  base  management  system, 
the  WSSM  utilizes  files  that  are  per- 
manently stored,  as  opposed  to  "decks" 
of  data  cards.  The  items  of  primary 
interest  are  the  nodes  and  links  of  the 
distribution  system  Two  files  are  main- 
tained— the  node  file,  containing  records 
for  each  node,  and  the  link  file,  containing 
records  for  each  link.  The  nodes  and 
links  define  the  network,  and  they  are 
numbered  as  shown  in  Figure  2.  The 
individual  node  and  link  numbers  (identi- 
fiers or  IDs)  correspond  to  individual 
records  in  the  link  and  node  files.  All 
records  in  a  file  are  structured  in  the 
same  general  fashion  (Figure  3). 

The  seven  software  modules  used  in 
the  model  are  the  establishment  module, 
the  editing  module,  the  display  module. 
the  listingmodule,  the  hydraulic  analysis 
module,  the  system  solver  module,  and 
the  input-output  (I-O)module(Table  1). 
Establishing  a  data  base  for  the  WSSM 
requires  the  use  of  four  of  these  modules. 


TABLE  1 

Major  elements  of  WSSM 

Element 

Description 

Network  data  base 

Separate  but  cross-referenced  aata  for  ihe  link  and  nodal 
elements  of  the  network 

Standard  and  user-specified  data  items 

Data  base  access  methods 

Routines  designed  for  efficiency  and  ease  of  use 
Routines  in  standard  FORTRAN,  not  strongly  tied  to  a 
particular  computer 

Hydraulic  network  analysis  model 

Nonproprietary  WATSIM  model  with  both  steady-state  and 
dynamic  simulation  capabilities  and  ability  to  model  a 
wide  range  of  hyaraulic  elements 

Other  physical  and  economic 
models 

Linear  cost  allocation  procedure 

General  purpose  physical  system  solver  to  solve  problems 
involving  multiple  sources,  travel  lime,  and  mixing  at  nodes 

Display  and  reporting  modules 

General  purpose  listing  programs  for  link  and  nodal  elements 

Flexible  pen  plotter  dtspia>  program  for  producing  annotated 
maps  of  network 

Data  base  establishment  and 
edit  modules 

Establish  comprehensive  link  and  node  files  and  check  and 
cr.Tss-reference  information  in  the  two  files,  thus  maintaining 
topological  integrity  of  the  network 
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The  establishment  module  prepares  a 
list  of  possible  errors  while  creating  the 
files,  but  no  corrections  to  the  input  data 
are  made.  The  display  and  listing  mod- 
ules are  then  used  to  verify  the  contents 
of  the  files,  and  necessary  corrections 
are  made  with  the  editing  module. 
Because  of  the  importance  of  the  integrity 
of  the  topologic  and  geographic  infor- 
mation in  the  files,  all  modules  except 
the  key  establishment  and  editing  mod- 
ules are  designed  to  preclude  destruction 
or  distortion  of  these  data. 

The  hydraulic  module  performs 
steady-state  hydraulic  network  analysis, 
defining  flow  and  pressure,  given  de- 
mands. The  current  version  of  WSSM 
uses  WATSIM  as  the  basis  of  the 
hydraulic  module.1 

The  solver  module  is  a  general  purpose 
algorithm  that  sets  up  and  solves  prob- 
lems related  to  mixing  in  networks. 
given  the  network  topology  and  flows.  It 
is  used  with  WSSM  to  solve  three  types 
of  problems:  <  1  >  determining  the  travel 
time  for  any  source  to  a  node;  (21  deter- 
mining the  concentration  of  any  constit- 
uent at  any  node,  given  the  concentra- 
tion of  the  constituent  at  all  sources:  and 
(3 1  determining  the  cost  of  delivered 
water  at  any  node,  given  the  individual 
annual  costs  associated  with  the  nodes 
and  links  of  the  system. 


Both  the  solver  and  hydraulic  analysis 
modules  have  the  capacity  to  reinsert 
data  into  the  data  base,  where  they  can 
be  used  for  further  calculation,  listing, 
or  graphical  display 

The  original  concepts  and  approaches 
of  the  model  were  tested  in  a  pilot  study 
of  the  Cincinnati.  Ohio,  Water  Works 
system.  Figure  4  shows  a  contour  map  of 
various  cost  zones  within  the  service 
area,  which  was  developed  from  a  pilot 
version  of  the  WSSM.  This  approach 
allowed  analysis  and  display  of  complex 
physical,  policy,  and  economic  situations 
and  encouraged  further  development  of 
the  WSSM.  A  revised,  more-generat- 
purpose  version  of  the  model  has  been 
created,  using  the  New  Vienna.  Ohio;" 
Kenton  County,  Ky.;  and  Tampa,  Fla.. 
water  systems  as  "test-beds." 

The  New  Vienna  system 

New  Vienna  is  a  village  of  approxi- 
mately 1000  people  (1980),  located  in 
Clinton  County  in  the  southwestern 
partof  Ohio i Figure  5 1.  The  water  supply 
system  serves  approximately  900  people 
and  incorporates  some  340  residential 
meters.  Light  industry,  laundromats, 
and  schools  are  also  served  by  the 
system.  The  average  metered  use  in  the 
village  is  approximately  1.7  mil  gal 
(6.4  ML)  per  month. 


Water  is  supplied  to  the  system  from 
two  sources:  a  well  field  and  treatment 
plant,  operated  by  the  village,  and 
purchased  water  from  Highland  County 
Because  the  village  is  required  to  pur- 
chase a  set  amount  of  water  each  month 
from  Highland  County .  it  uses  that  water 
beforeswitchingovertoits  local  sources. 
In  a  typical  month,  two  thirds  of  the 
water  is  purchased. 

The  distribution  system,  which  dates 
back  to  1903.  consists  of  pipes  8  in.  (200 
mm'  and  less  in  diameter,  with  the 
majority  of  pipes  in  the  system  being  4 
in.  (100  mm).  A  single  elevated  storage 
tank,  with  a  capacity  of  50000  gal 
(189270  L).  provides  load  leveling  and 
minimal  fire  protection.  Plans  are  under 
development  to  provide  additional  stor- 
age. Operation  of  the  system  (Figure  6)  is 
based  on  the  water  level  in  the  elevated 
storage  tank  Pumping  starts  at  a  pres- 
sure of  47  psig(324  kPatand  stops  at  52 
psig(358kPa). 

Elevations  in  New  Vienna  range  from 
1110  ft  (338  m)  to  1180  ft  (360  m).  The 
average  total  head  for  the  system  is 
approximately  1240  ft  (378  mj.  Low 
pressures  of  about  23  psig  ( 158  kPa  i  exist 
at  the  higher  elevations  during  normal 
operations,  but  during  fire  fighting, 
pressures  may  drop  to  as  low  as  0  to  12 
psig  (0  to  82  kPa)  in  certain  areas. 
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Figure  2.  Node-link  numbering  scheme 
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Data  base  development 

Development  of  the  New  Vienna  data 
base  consisted  of  the  following  steps: 

•  delineation  of  the  distribution  sys- 
tem in  link-node  form; 

•  determination  of  physical  character- 
istics, for  example,  pipe  size,  and  spatial 
coordinates: 

•  development  of  demand  data:  and 

•  development  of  cost  data. 

There  is.  of  necessity,  some  interplay 
among  these  efforts  to  ensure  that  the 
link-node  representation  portrays  the 
important  changes  in  physical  character 
of  the  system. 

Delineation  of  system  in  link-node  form. 
A  link-node  representation  of  the  New 
Vienna  water  system  was  laid  out  on  a 
gridded  overlay  to  the  base  map  (I  in.  ■ 
200  ft).  Nodes  were  located  in  continuous 
lengths  of  pipe,  based  on  their  serving  as 
centers  of  demand.  Nodes  were  also 
located  at  pipe  junctions  and  at  changes 
in  pipe  diameter  or  type.  To  provide  an 
accurate  geometric  as  well  as  topo- 
graphic map  of  the  system,  nodes  were 
also  located  at  major  changes  of  pipe 
direction.  Links  and  nodes  were  num- 
bered sequentially.  The  New  Vienna 
link-node  representation  consists  of 
approximately  50  links  and  50  nodes. 

Determination  of  physical  and  spatial 
characteristics.  Pipe  lengths,  types,  and 
diameters  were  transferred  from  the 
base  map  to  the  link-node  system  and 
were  associated  with  each  individual 
link  number.  Topographic  data,  in  the 
form  of  the  "upstream"  and  "down- 
stream" node  numbers  for  each  link. 
were  also  recorded  from  the  base  map. 
This  information  about  the  system  sets 
the  convention  for  flow  throughout  the 
WSSM,  as  well  as  providing  topologic 
connectivity.  By  convention,  flow  in  the 
pipe  from  the  upstream  node  to  the 
downstream  node  is  positive,  and  flow 
into  a  node  is  positive. 

The  coordinate  locations  of  each  node 
were  digitized  through  hand  takeoff  from 
the  gridded  overlay  and  were  recorded. 
Elevations  were  obtained  by  placing  the 
overlay  on  the  base  map  and  reading  the 
elevation  at  each  node  from  the  contours. 
(Contours  on  the  base  map  are  at  3-ft 
[0.9-m |  intervals.)  Data  for  both  the  links 
and  nodes  were  encoded  and  prepared  as 
input  to  the  file  establishment  module  of 
WSSM. 

Development  of  demand  data.  Although 
metered  information  is  available  for  the 
majority  of  the  customers,  demand  data 
were  developed  for  other  than  industrial 
users  bv  performing  "house  counts" 
within  demand  zones.  Demand  zones 
were  drawn  on  the  link-node  overlay  to 
arbitrarily  relate  demands  to  nodes.  Each 
node  has  a  demand  zone,  and  it  is 
assumed  that  any  demands  falling  within 
that  area  are  aggregated  to  the  node. 

Development  of  cost  data.  At  its  current 
state  of  development,  the  economic  alio- 
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Figure  3.  File  and  record  structure 
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Figure  5.  Map  of  New  Vienna.  Ohio 
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Figure  6.  Schematic  of  New  Vienna  water  supply  system 


cation  procedure  requires  a  single  an- 
nualized cost,  representing  the  combi- 
nation of  amortized  capital  and  operation 
and  maintenance  <  0  &  M )  costs,  for  each 
node  and  link.  For  the  case  of  New 
Vienna,  actual  construction  costs  were 
not  available  for  most  elements.7  Capital 
costs,  in  general,  were  estimated  as 
current  (1981)  replacement  costs,  which 
were  then  revised  to  actual  year  of 
installation  through  use  of  the  three- 
digit  Engineering  News  Record  Construc- 
tion Cost  Index  (CCI).  Because  the  base 
year  of  the  CCI  is  1913.  all  system 
elements  known  to  be  installed  prior  to 
that  date  were  treated  as  if  they  had 
been  installed  in  1913.  Existing  well  and 
water  treatment  system  costs  were  esti- 
mated based  on  cost  curves  derived  from 
the  publication  "Estimating  Water  Treat- 
ment Costs.""  Bid  data  for  replacement 
of  the  elevated  storage  tank  were  used  to 
estimate  its  cost.  Pipe  costs  were  based 
on  unit  prices  in  a  construction  bid  for 
the  area. 

Annual  0  &.  M  costs  were  taken  from 
village  records.  Total  0  &  M  costs  for 
1981.  including  debt  service  and  adminis- 
trative costs,  were  projected  to  be 
$46  721.  Cost  summaries  for  the  nodes 
and  links  showed  the  1981  cost  of  con- 
struction, year  of  construction.  CCI 
factor,  original  cost  of  construction 
(computed),  and  the  1981  0  &  M  cost. 

Use  of  WSSM  for  New  Vienna 

Once  the  basic  description  of  the 
link-node  network  and  its  physical 
characteristics  has  been  obtained,  the 
data  are  encoded.  These  data  are  then 
used  as  input  to  the  data  base  estab- 
lishment programs,  ESTBLINK  and 
ESTBNODE.  Program  ERCHECK  is  run 
to  test  for  topologic  errors.  At  this  point, 
it  is  frequently  desirable  to  visually 
inspect  the  data  base  and  to  refer  back 
directly  to  the  base  map.  Accordingly. 
program  NETPLOT  is  utilized  to  obtain 
a  computer  plot  of  the  network  at  the 
desired  scale.  Program  REPORTER  also 
lists  the  data  base,  showing  what  infor- 
mation has  actually  been  stored  for  each 
pipe  and  node. 

Once  the  data  base  has  been  inspected 
and  corrected,  the  hydraulic  analysis 
module  is  used  to  determine  pressures 
and  flows  for  a  given  set  of  demands. 
The  results  are  stored  in  the  data  base. 
Program  NETPLOT  is  used  to  display 
these  results  (Figure  7),  greatly  sim- 
plifying the  calibration  process.  Once 
an  adequate  hydraulic  simulation  is 
achieved,  the  solver  module  is  used  to 
determine  costs,  travel  time,  and  nodal 
concentrations.  Figure  8  is  a  computer- 
generated  contour  plot  showing  the  unit 
costs  of  delivered  water  at  the  nodes  of 
the  New  Vienna  system. 

It  should  be  noted  that  WSSM  does 
not  provide  answers,  but  rather  is  a  tool 
for  managing  and  displaying  water 
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Figure  7.  NETPLOT  display  of  head  at  nodes  un  feet)  and  flow  direct 


Figure  8.  Cost  contours  (S/1000  gal  [3785  L|)  for  New  Vienna 


supply  network  data.  The  WSSM  tech- 
nology is  designed  to  aid  the  researcher. 
engineer,  economist,  and  planner. 

Summary  and  conclusion 

The  Water  Supply  Simulation  Model 
can  be  used  to  provide  spatial  cost  allo- 
cation, time  of  travel,  and  contaminant 
concentration  information  for  a  water 
supply  network.  Development  of  this 
model  allows  additional  insight  into  the 
treatment  and  delivery  of  water.  The 
approach  employed  in  the  WSSM  is 
general  in  nature  and  is  not  restricted  to 
water  supply  problems.  In  fact,  the  model 
should  be  applicable  to  the  analysis  of 
any  service  delivery  system  that  can  be 
characterized  as  a  distribution  network 
overlaid  on  some  spatial  distribution  of 
supply  and  demand. 

Some  potential  future  studies  of  the 
WSSM  include: 

•  exploration  of  the  impact  of  design 
for  tire  protection  and  of  the  manner  in 
which  beneficiaries  of  this  nonconsump- 
tive  use  of  water  are  assessed; 
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•  further  exploration  of  peak  and  off 
peak  considerations,  and  simulation  of 
pricing  strategies; 

•  use of  the  concentration  and  time-of- 
trave!  capabilities  of  the  WSSM  to 
simulatequality  differences  in  multiple- 
source  systems  and  to  study  the  trans- 
port and  decay  of  waterborne  pollutants 
through  the  system; 

•  further  examination  of  spatial 
methodologies  for  parameterizing  hy- 
draulic network  analysis  models  in  a 
simple  manner; 

•  use  of  the  graphic  capabilities  of  the 
WSSM  in  other  arenas,  such  as  pipe 
break  and  water  quality  data;  and 

•  examination  of  the  effect  of  the 
water  supply  network  on  land  develop- 
ment patterns  and  of  the  interrelation- 
ship between  the  water  supply  network 
and  the  waste  collection  network. 
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INTRODUCTION 

The  quality  of  a  public  water  supply  although  acceptable  when  it  leaves 

tion  systems. 

mechanisms  that  may  cause  this  deterioration  include  chemical  an d  bio- 
loglca  Transformations,  or  loss  of  system  integrity.  Organ  cs  and 

r  nutrients  may  enter  into  the  water  !«riMM"f,£  f 
raw  -ater,  nay  be  produced  during  treatment  or  enter  through  leaks  or 
cross  connections.  Growth  or  regrowth  may  be  observed  In  distnbution 
sys  en  desp  te  treatment  and  disinfection  «  >he  treatment  plant  wn,ch 
s  intended  to  eliminate  such  microbial  activity.  1  *e«MolOfU»1 
growth  may  occur  in  the  network,  in  the  water  or  on  the  walls  in  the 
ToZ   of  b'ofilms.  Hio-cells  may  be  trapped  in  mineral  deposits  known  as 
tubercles.  Growth  occurs  at  the  expense  of  the  ""trtentsin  thewater 
nd  if  l   sinfectant  residuals  cannot  be  maintained  throughout   « 
"station  system  the  potential  for  growth  in  pipe  networks  is  greatly 
enhanced. 

In  addition  to  the  oicrobiological  degradation  that  may  take  place  in 
ne  water  in  distribution  systems  there  is  the  problem  of  ^cal 
H.rorinration  as  well.  For  example,  corrosion  byproducts  may  occur 
wne  mat  r         W  from  the  wills  of  pipes.  High  concentration 
of  lead  "ay  occur  in  household  plumbing  systems  If  aggressive  water  U 
d  s'ributed  to  the  customer.  Figure  1  illustrates  some  of  these  deter 
■    ration  mechanisms.  Figure  Z   is  a  more  detailed  i  ustration  of  .he 
interactions  that  take  place  at  the  pipe  wall  interface. 

Table  1  contains  a  list  of  municipalities  that  reported  coliform  re- 
"«  h  situations  in  the  United  States   ™«  *  "J"™™  "li  er 
Sver  maintenance  of  water  quality  in  distribution  system  "  «^* 
to  the  customer .2  In  response  to  this  concern  EPAs  ^fgt^Uh 
Research  Division  has  sponsored  a  series  of  Projects  tnatdeal  wun 
distribution  system  problems.  This  paper  will  briefly  review  EPA  s 
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distribution  system  reSMfch.  Researo  into  the  development  of  models 
St'dX??!"9  ""*'  quality  ¥»rt4t1ws  H  Vstem  -ill  be  discussed  I. 


A  water  quality  predict! 
the  North  Penn  Water  Aut 
on  trie  hydraulic  behavio 
Quality  sampling  data,  a 
the  distribution  system. 
field  tested.  A  dynamic 
this  work  suggest  that  t 
as  variations  in  water  q 
from  different  sources, 
in  distribution  system. 


on  model  has  been  developed  in  cooperation  with 
honty.  This  cooperative  agreement  has  foc-jsed 
t  of  the  system,  examination  of  historical  water 
nd  steaoy-state  modeling  of  water  quality  within 
The  steady-state  model  has  been  developed  ann 
model  is  under  development.  The  results  of 
he  dynamic  features,  of  system  behavior,  such 
luality,  changes  in  demand  and  mixing  of  water 
will  be  significant  in  predicting  water  quality 


EPA's  DISTRIBUTION  SYSTEM  RESEARCH 

EPA',  researcn  in  distribution  system  prpplems  nay  be  classified  into 
thrte  major  categories:  microbiological  studies:  corrosion  studies' 
anc,  infrastructure/system  studies.  Microbiological  studies  have 
focused  on  developing  new  techniques  for  recovering  and  identifying 
organisms.  Research  is  being  conducted  into:  development  of  the 
concept  of  assimilable  organic  carbon;  examination  of  stressed  organ- 
lias;  understanding  the  mechanisms  and  causes  of  biofilm  fpmation- 
identifying  and  classifying  tubercles;  and,  investigatinq  anf.  wcs'-- 
stanaing  proolens  related  to  coliforn  regrowth  studies.  "Studies  hav» 
been  competed  to  determine  the  extent  o'  lead  leaching  from  houseiof- 
plurtoing  and  into  factors  effecting  deterioration  of  ashestos  cement 
pipe,  'work  has  also  been  conducted  on  development  of  corrosion  indi- 
cators and  chemical  corrosion  kinetics.  In  the  infrastructure/system 
area,  a  microcomputer  system  for  maintaining  break  and  leak  complaints 
records  has  been  developed. J.*  Statistical  measures  for  assessing 
the  probability  of  breaks  and  leaks  occurring  in  networks  are  being 
developed  and  attempts  »ra   being  made  to  determine  the  physical  factors 
causing  areaks  and  leaks.  Research  is  being  conducted  to  acquire  an 
understanding  of  the  hydraulic  conditions  that  affect  hiofilra  formation 
Techniques  for  predicting  water  quality  in  distribution  systems  are 
being  developed. 

MODELING  RESEARCH 

Distribution  system  modeling  is  very  complex.  Variations  in  system 
flow  occur  because  of  the  way  in  which  the  system  has  been  designed. 
Hydraulic  analysis  and  verification  of  flows  in  a  system  is  an  art  in 
itself.  Predicting  demand  is  also  an   art.  Demand  variations  compli- 
cate the  problem  of  predicting  and  modeling  flows  in  distribution 
systems.  Hydraulic  and  demand  variations,  the  mixing  of  water  from 
di.ferent  sources,  and  the  kinetics  of  formation  of  biological  and 
chemical  products  all  make  the  modeling  of  water  quality  in  distribu- 
tion systems  a  comolex  and  difficult  process.  Two  approaches  to  pre- 
dicting water  quality  in  distribution  systems  are  described  in  this 
paper.  One  approach  is  hased  on  a  steady  state  modeling  conceof  ant 
has  been  verified  by  field  evaluation. 5  The  other  is  a  dynamic  model- 
ing approach  for  which  an  algorithm  has  been  developed  and  which  will 
be  described  in  this  paper.  The  North  Penn  Water  Authority  north  of 
Philadelphia,  PA.  was  used  as  a  test  case  for  this  research. 
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THE  NORTH  PENft  StSTtl 

2fl2r2  SS"  ^  Autr,or,t?  ^s  *n  ^9*  production  of  5  million 

gallons  a  day,  ami  consists  of  ten  municipalities  with  225  miles  o' 
0  pe.  t  serves  over  ia.500  customers  ana  has  three  pressure  zones 
plus  several  snail  satellite  system.  Its  water  sources  nclurtT 

day  of  supply  plus  W  individual  wells.  There  is  wide  van*-™*  ?. 
water  quality  fr3m  tn„e  rt,fferen:  SQur:sse  ;,  '*  -'  e  ^  «*«•  i" 
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;«,!;   V    '  4" :?ter source ecmn9 ,nto Nor-h ?w f™\*l 

sooth.  The  various  wells  in  the  Unsdale  low  pressure  zone  lansaale 
hign  pressure  zone  and  Souderton  hign  pressure  zones  are  shown 
Pressure  zone  boundaries  are  shown  as  dotted  lines  and  storaae  tanks 

ar-a  sss-iras-wr or  —"--"""» 

Sh-V^*''?™  "*  Mraulic  analysis  a  link  ana  none  represen- 
ted  s  ?JV?rK   ""  USed-  Re9'nni»SS  Pf  Pipes,  junction  of  pipes 
as  -ell  as  tanks  are  represented  as  nodes  ann  the  pipes  themselves  »rl 

Zrui:iet   ?*  '"^  HydraU,1C  m0deU  -ere  u»*  to'otmT,    Lf„ 
the  lirxs.o,/   [n  the  stea„   su   ana,  assunert  that  r„„,„.r 

deoands  and  tank  Mows  and  heads  are  constant.  Th   e^ult  n  ste  dT 

?  tr  nsient^  in"'  "i^10"*   ,n  tf"  »««V*e  solution  there 
s  transient  benavior  1n  the  system.  The  water  f„  the  system  travels 
In  a  wave  at  a  speed  much  greater  than  the  actual  flow,  but  for  all 
practical  applications  the  quasi-dynemc  solution  is  acceptable. 

STEADY  STSTt  SOLUTION 

In  order  to  determine  and  predict  the  steady  state  concentrations  o' 
contaninancs  in  the  distribution  system,  a  steady  state  hydrate  »lu 
tion  -as  used  along  with  the  known  concentrations     ,«     L 

r,fLT^8  thS  '""  :,n9  5t"dy  siale  W*]   distribution  of  cone", 
tration  througnout  the  network.  The  approach  used  was  to  for^late  a 

,^nCTVTa,e!"  BOde  a"d  S0lve  for  the  resultin,  conc^tra" 
till'   lifJhe  iev°-]°W*   of  the  equations  at  a  node  is  iliustra^d  for 
the  specific  case  shown  in  Fig.  4.  in  which  two  pipes  deliver  water  to 
node  ,.  and  there  is  ,  single  discharge  link  delivering  water  to  node 

The  flow  directions  and  quantities  are  known  because  it  is  assume  -mr 

e.;TT  ft.p2,orl» been  solved  w-'SfS.  «l  £Et£i  i 

as  the  .low  into  node  i  from  node  j.  0}j  is  thus  equal  to  -0H   we   J 
consider  the  unknot  concentrations  of  the  constituent  of  interes-  at 

2? "  owVrnTS  :  ?  be,Cl'  5.  a"d  Z*'   'WM*-     »>*  known  vol™ 

of  .low  from  an  external  source  delivering  water  to  node  i  is  Si  and 
the  («m  constituent  concentration  in  the  external  source  is  SC,'   For 

{-{.■ss  "-?♦'•;;  de;;;ed  as  h- and  ,n  the «« sh™  •■  «».  •• 
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3y  mass  balance  for  flow  at  node  i,  the  flow  leaving  node  i  for  node  x 
0,, .  'S  given  as  follows: 


Q*i  *Sj 


''J 


(1) 


By  mass  balance  for  the  constituent  itself,  assuming  complete  mixinq  at 
node  i : 


Cl 


[(Qjk*CK)  ♦  (O.j.Cj)  *  fSj.SCf}] 

I, 


(2) 


Eq.  2   states  that  the  average  concentration  at  node  i  of  the  constituent 
of  interest  is  equal  to  the  total  mass  of  the  constituent  delivered  per 
unit  time  from  all  influent  sources  to  node  i,  divided  hy  the  total 
quantity  of  influent  flow  at  node  i.  By  definition  then,  the  concentra- 
tion in  1  ink  xi  •  Ci  , 
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he  complete  network,  the  flows  and  flow  directions  are  known  by  a 
ous  solution  of  the  hydraulic  network,  and  all  Qab  inti   I.  »re   known 
11  nodes  a  and  b.  Assuming  n  nodes  in  the  network,  we  have  n  equa- 

of  the  general  form  of  Eq.  2   (with  one  CO  product  contributed  for 
link  influent  to  the  node),  and  n  unknowns,  the  Cj  at  each  of  the  n 
.  The  external  source  quantities  and  concentrations  are  itnown  as 
ary   conditions  for  each  of  the  nodes  at  which  water  enters  the 
rt  fron  an  external  source.  The  equations  art   linear  in  the  un- 

concentrations,  and  can  readily  be  solved  by  standard  methods. 
tn  the  case  of  the  hydraulic  analysis  of  networks,  the  coefficient 
x  thus  developed  is  sparse,  and  can  profitably  take  advantage  of 
e-matrix  simultaneous  equation  solution  techniques. 


This  concept  has  been  discussed  elsewhere  and  1s  called  the  SOLVE* 
algorithm.   In  the  steady  state  solution  the  SOLVER  algorithm  was 
aoplied  to  the  main  pressure  zone  of  the  system  which  represents  75 
percent  of  the  system  denand.  A  hydraulic  scenario  considered  to  he 
representative  of  "average"  conditions  was  selected.  Wells  are   assumed 
to  be  on  and  water  is  flowing  into  the  evaluated  Chestnut  Street  ana 
Lawn  Avenue  tanks.  Model  predictions  were  made  of  concentrations 
associated  with  Keystone  water  throughout  the  Lansdale  low  pressure 
zone.  Trihalomethane  concentrations  were  used  as  a  tracer  in  the 
systen  because  of  the  surface  water  from  the  Keystone  tie-in.5  There 
are  no  triahalomethanes  formed  in  the  groundwater,  and  it  was  assumed 
that  the  triahalomethanes  from  surface  water  represented  a  relatively 
steady  state  concentration  having  exhausted  the  triahalomethane  forma- 
tion potential.  The  SOLVER  algorithin  was  applied  to  North  Penn  for 
average  TTH»ts  (47  micrograms  per  liter). 

Figure  S  represents  information  gathered  from  routine  TTHfl  surveillance 
information  at  North  Penn  for  the  date  4/15/84.  Figure  6  represents 
the  TTW1  data  for  4/16/85  and  Figure  7  represents  the  average  TTHMs 
concentration  using  surveillance  data  collected  over  a  two  year  period. 
One  can  see  the  rather  gradual  decline  from  45  micrograms  per  liter  at 
Keystone  to  below  10  or  20  In  the  eastern,  western  and  northern  parts 
of  the  system.  Figure  8  represents  the  steady  state  modeling  predic- 
tions for  the  THHs.  An  examination  of  Figure  8  (as  comoared  to  Figure 

)  snows  tnat  under  steady-state  conditions  the  model  under-predicts 
the  Observed  TTHM  values  to  the  north  and  west  (near  Lawn  Avenue  and 
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Harleysville  respectively),  hut  provides  a  more  reasonable  estimate  of 
observed  values  in  Che  central,  eastern,  and  southern  areas  of  the 
Lawnsrtale  pressure  znne.  However  steady  state  solutions  are  unrealsi- 
tic  and  limiting,  therefore,  a  dynamic  algorithm  for  predicting  water 
duality  has  heen  developed. 

DYNAMIC  MOITIEL  INT. 
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Under  dynamic  conditions  system  demands  and  supplies  arz   variable  and 
there  are  temporal  and  spatial  variations  in  quality.   In  order  to  in- 
vestigate the  nature  of  water  quality  variability  within  the  system,  an 
intensive  sampling  system  program  was  conducted  at  six  sites.  Figure  9 
shows  the  various  sampling  points  used  in  the  field  study  and  Figure  10 
depicts  the  results  of  the  intensive  sampling  program  using  total  tri- 
halomethanes  (TThus)  as  a  tracer,  fine  can  see  that  there  is  quite  a 
hit  of  variation  at  a  given  point  within  the  30  nogr  period,  and  that 
fere  is  also  quite  a  hit  of  variation  within  the  system  itself. 
Har-jness  is  representative  of  the  we'.l  water  and  is  shown  in  Figure  11. 
At  the  Mainland  sampling  point  a  flushing  back  and  forth  of  water 
between  the  surface  source  to  the  well  source  can  he  seen.  The  peaxs 
of  the  TTHMs  at  Mainland  are  approximately  S  hours  out  of  phase  *1tH 
the  pea*s  from  the  wells  indicating  that  water  flow  at  this  point  is 
affected  by  the  surface  and  ground  water  sources. 

"iis  analysis  points  out  the  problems  in  attempting  to  preaict  a  dynamic 
Situation  using  a  steady-state  mode.  The  average  T7MH  data  represent 
long-tern  averages,  of  data  taken  over  a  number  of  years,  at  different 
times  of  the  day.  The  pattern  of  flow  in  the  NPWA  distribution  system 
varies  djring  the  course  of  a  day,  as  wells  cycle  off  and  on.  Late  at 
night,  when  most  wells  are  off,  Keystone  water  is  the  primary  source 
of  suoply  for  the  lansdale  low  pressure  zone  system,  and  this  water 
passes  into  the  western  and  northern  portions  of  the  system,  where  it 
can  enter  the  Lawn  Avenue  tank.  During  times  of  the  day  when  Lawn 
Avenue  tank  water  enters  the  Lansdale  low  system,  this  water  can  oe 
expected  to  have  non-zero  T7HM  (due  to  the  origin  of  at  least  a  portion 
of  this  water  from  Keystone  when  Lawn  Avenue  is  filling).  The  pilot 
sampling  run  of  .November  14-15,  1985  shows  a  range  during  the  sample 
period  from  a  maximum  TTHM  value  of  36  ug/L  to  a  minimum  of  13  ug/L,  at 
the  inlet  to  Lawn  Avenue.  This  range  is  consistent  with  the  historical 
data  of  Figure  7,  where  a  value  of  18.8  ug/L  is  shown  in  the  neighbor- 
hood of  lawn  Avenue.  Examination  of  the  daily  THM  historical  data  of 
Figures  5  and  5  also  shows  elevation  of  TTHM  towards  Lawn  Avenue,  and 
higner  values  in  the  Souderton  pressure  zone,  in  the  region  of  12-16 
ug/L,  presumably  from  Lawn  Avenue  water  pumped  into  the  Souderton  zone. 
Data  from  the  pilot  sampling  run,  taken  at  the  Mainland  sampling  site, 
shown  on  Figure  10,  shows  TTHM  values  in  the  range  from  9  to  34  ug/L, 
with  significant  variation.  As  concluded  by  the  analysis  of  the  pilot 
samoling  run.  Mainland  has  water  from  the  wells  in  Harleysville  (N?14. 
N?31,  NP11,  NP20,  N?25,  NP48)  during  the  tines  of  day  when  they  are 
pumping,  and  from  Keystone  in  the  early  morning  hour's.  Historical  data 
snows  levels  of  TTH.M  of  2  to  6  ug/L  in  this  area,  as  compared  to  the 
model  prediction  (with  wells  on)  of  0  ug/L.  The  model  does  show,  how- 
ever, that  the  zone  of  blending  of  Keystone  and  well  water  is  fairly 
close  to  Mainland,  and  thus,  simply  from  an  examination  of  the  model 
?re«ic:ion.  Mainland  would  be  expected  to  show  the  variations  that  it 
in  fact  does  show.  (The  Mainland  site  was  selected  primarily  to  test 
this  hypothesis  in  the  pilot  sampling  run). 
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While  the  initial   steady-state  modeling  did  provide  useful    information 
in  particular  insofar  as  design  of  the  pilot  sampling  study  was  con-     " 
cerned,   it  was  obvious  that  the  attempt  to  model   the  dynamic  nature  o' 
the  complex   NPUA  system  with  a  single  steady-state  predictive  mode) 
run,   proved  inadeugate.     Accordingly,  an  attempt  was  made  to  expend  the 
steady-state  predictive  principles  to  'quasi -steady-state"  modeling  for 
the  situations  encountered   in  the  pilot  samplino  run.     The  development 
of  this  dynamic  algorithm  is  described  in  the  next  section. 

DYNAMIC  ALGORITHM  DEVELOPMENT 

» 

In  this  approach  velocities  for  a  given  time  period  were  calculated  and 
a  time  step  determined  within  the  fixed  period.  Decay  coefficient  an 
incorporated  for  modeling  non-conservative  contaminants.  Initial  condi- 
tions for  the  system  were  determined  by  interpolating  concentration  at 
the  nodes.  After  the  system  is  "started-  concentrations  at  a  node  for 
a  given  tine  step  are  calculated  as  the  flow  we.gnced  concentration  of 
all  flows  entering  the  node.  Figure  12  shows  the  general  routine 
orocedure  that  is  used  for  time  steps  within  a  given  period  and  tne 
equivalent  distance  that  a  contaminant  wave  front  moves  down  the  pipe 
The  horizontal  axis  shows  the  movement  of  a  packet  of  water  forward  in 
time  and  the  vertical  axis  shows  the  packet  of  water  as  it  moves  down 
the  pipe.  When  the  wave  front  intersects  a  given  node  It  is  reflected 
in  the  concentration  at  that  node. 
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13  through  15  illustrate  the  application  of  the  dynamic 
ftm  to  a  snail  hypothetical  system  shows  with  various  initial 
nant  concentrations  at  each  node.  For  example,  at  node  A  t-e 
concentration  of  a  contaminant  is  given  as  100.  Figure  M 
the  hydraulic  system  after  the  system  has  solved  for  the  con- 
that  hold  in  period  I.  Figure  15  illustrates  the  way  the  flow 
in  the  pipe  with  the  time  steps  within  period  1.  The  uoper  le'* 
is  Period  1  at  time  step  zero.  Moving  througn  the  various  tlst 
n  a  period  allows  one  to  see  the  routing  of  a  given  packet  of 
n  the  pipe.  Time  step  16  represents  the  last  time  step  in 


Figure  lo  shows  the  flows  and  demands  that  exist  in  the  pipe  network 
during  period  two  under  a  given  set  of  demand  conditions.  Figure  17 
shows  the  contaminant  movement  in  Period  2.  Figure  18  is  intended  to 
summarize  the  variations  in  quality  that  take  place  spatially  in  the 
system.  The  contour  plots  show  the  movement  of  the  contaminants  in  the 
network  over  a  period  of  time.  This  analysis  illustrates  the  enormous 
amount  of  variability  that  can  take  place  within  a  distribution  system 
based  on  time,  hydraulic  demand  and  other  time  varying  conditions. 

SUMMARY  AND  CONCLUSIONS 

There  are   many  possibilities  for  water  quality  deterioration  in 
drinkinc  water  distribution  system*.   There  i,  growing  concern  over  the 

Sr«k%r*?netSl  m°    £  rn9r0Tth  1nc1den"  «*  "«er  borne  disease  out- 
breaks in  the  U.S.  The  Drinking  Water  Research  Division  of  EPA  has 

invested  considerable  research  in  examining  various  types  of  distribu- 
tion system  problems   These  include  microbiology,  corrosion  and  infra- 
structure/system studies.  One  major  area  of  investigation  is  the 
examination  of  variation  of  water  quality  and  the  effect  of  mixinq  in 

M?taf  ErfEST!  Md  the  4bmty  t0  pred1ct  the"  variations. 
DWRD  has  initiated  a  cooperative  agreement  with  the  North  Penn  Water 
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Authority  to  study  these  variatio 
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TABLE  I.  C0LIF0RM  REGROWTH  SITUATIONS  INVESTIGATED  BY  U.S.  EPA 


Communi ty 


Pooul tion  Estimate 


Year 


Muncie,  IN 

Seymour,  IN 

Retnlehem,  PA 

Wilmette,  IL 

Terre  Haute,    IN 

Springfield,    IL 

Lexington,  KY 

Florissant,  MO 

Kennebunk,  ME 

New  Haven,  CM 

Minneapolis,   Fairground,  HN 

Monmouth,    NJ 

Louisville,  KY 

Iowa  City,  10 

Fort  Thomas,  KY 


/;,joo 

15,030 

70.000 

23,000 

51,100 

100,030 

234, COO 

55,000 

3,000 

760,000 

250,000 

100,000 

293,000 

50,000 

15,000 


19iQ 

1930 

1931 

1M1 

1932 

1932 

1932 

193-i 

1934 

1934-1935 

1935 

1985 
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FIGURE  2.    WATER  DISTRIBUTION  PIPE 
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FIGURE  6.     DAILY  TTHM  CONCENTRATION  CONTOURS  FOR  4-16-85  (UG/U 
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FIGURE  8.    MODEL  PREOtCTtONS  TTHMS 
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FIGURE  9.    SAMPLING  POINTS  FOR  FIELD  STUDY 
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FIGURE  12.    GENERAL  ROUTING  PROCEDURE  FOR  DYNAMIC 
ALGORITHM 
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FIGURE  13.    SAMPLE  NETWOHK 
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FIGURE  14.    SAMPLE  NETWORK  WITH  HYDRAULIC  SOLUTION 
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FIGURE  16.    SAMPLE  NETWORK  WITH  HYDRAULIC  SOLUTION  FOR 
PERIOD  2  AND  INITIAL  CONDITIONS  FROM  PERIOD  1 


US-70 


I 
I 

I 

I 
1 

I 

I 

i 

I 
I 
I 
I 
I 
I 
I 
I 


^■■^'.•!Jv1L^.'^v. 


■ 


TIME  STEP  H 


TJMC  JTEF  15 


.1 


•  - 


■♦000O-— '90— !——••* 

a  


poiioo: 


FCtlODJ 

TtMEJTE?« 


»dooo»— oo»— — — »— * 


il' 


o- 


•  - 


'1 

. 


miooi 

TWE80 1 


/    \r 


-»*cooo«»o©oo©o»©»»**e 


»i 


F1GURE  17. 


LEGEND 
NDH  am  sub  tea  cixiwt  rations 

Q    *-«  jg    S00-29* 

Q    «-»  H     300-m 

Q  •».« 
SOLUTION  TO  ALGORITHM  FOR  PERIOO  2 


US-71 


1M: 


*W*I 


,-.:*i£a 


V1^ 


---.'T'i^,i»e;V  j 


pekioo  : 


iei 


FIGURE  18.     SIMULATED  CONTAMINANT  MOVEMENT  UNDER 
DYNAMIC  CONDITIONS 
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PROJECT  DESCRIPTION 


Project  Title: 

DEVELOPMENT   OF    AN    INTERNAL   CORROSIVITY    PROTOCOL  FOR   WATER 
DISTRIBUTION   SYSTEMS 


Contact  (name  of  person,  organization,  address,  telephone): 
Marvin  C.    Gardels,    Research   Chemist,    Drinking   Water  Research 
Division,    Water   Engineering   Research  Laboratory,    U.S.    EPA, 
2b    W.    Martin   Luther  King    Way,    Cincinnati,    OH  45268,    USA. 
Tel:       (513)   569-7217. 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate); 
The   objective   of   this   new  project    is   to  develop   a  protocol    to 
assess  corrosivity  using   a  dual   approach   of   expert  judgments   and   ex- 
perimental  studies.      A  group  of   water   supply  professionals    and   corro- 
sive  experts    from  Europe   and   the   United   States   will   be  used    to   develop 
a  varied   set   of   assessment  measures   to   be  applied   in  several    case 
studies.      The   studies   will    be   conducted    by   the   University  of   Washington 
in   collaboration  with   researchers    from   the  Norwegian  Water  Technology 
Centre. 

The  EPA  Mobile  Water  Quality   Monitoring   Laboratory,   which   the 
University  of   Washington   investigators   have   used    for   the   past    four 
years    in   corrosion   studies,    will    be   used   in   this    study.      The   lab   is   now 
capable   of  on-line  monitoring   of   significant   water  quality   factors   and 
of  determining    corrosion  rates   by  methods   ranging   from  coupon  exposure 
to  on-line   electrochemical   methods.      Other   equipment,    such  as    that   de- 
veloped  in  Germany   for  oxygen  depletion  measurements,    will   be  added   to 
the  Mobile  Laboratory.      The  old   computer   system  has   been   replaced  with 
a   new  IBM-PC/ AT  for  data  acquisition  and  processing.      Several    innova- 
tive  techniques    for  corrosion  measurement  developed  during   the   last 
project  will    be   used    on   this   new  project. 
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Operating  ana  cost  data   (including  data  on   efficiency,   results,   etc.) 

The  EPA   Mobile   Laboratory   is    self-contained   with  analytical    and    corro- 
sion measuring    instruments    tied    into   an   on-board    computer.      Water    to 
the   laboratory  is   brought   in   through  a   hose   attached   to   a  hydrant   and 
is   circulated   through  various    pipe   loops   and   cells    for   analytical   and 
corrosion  measurements.      Data   is   transferred    to   the   computer   for   pro- 
cessing.     Water   flows   continuously  during   the   data  acquisition   and   is 
discharged    to   a  drain.      Grab  samples   are   taken  at   periodic   intervals 
for   trace  metal    analysis. 


Placets)  of  instal lation/appl ication  (including  dates): 

The  Mobile  Laboratory  was  used  at  several  locations  in  the  Seattle  dis- 
tribution system  during  the  start  up  of  corrosion  control  treatment. 
Other  sites  include  Tacoma,  Anacortes,  Moses  Lake  and  Ellensburg, 
Washington.   It  is  presently  at  Everett  for  the  first  use  of  the  IBM 
computer.   Sites  for  the  new  project  are  yet  to  be  determined. 


Patent  staus,  if  applicaDle: 

NONE 


Other  information  (e.g.,   funding  source,   cooperating  agencies,   etc.) 

The  Drinking   Water  Research   Division  Project   Officer  is  Marvin  C. 
Gardels   and    the    project   is   being   conducted   as   a   cooperative   agree- 
ment with   the  University  of  Washington,    Seattle,    Washington.      The 
Principal   Investigators   at   the   University  of   Washington  are   Dr. 
John   Ferguson  and   Dr.    Mark   Benjamin. 


If  available  attach  descriptive  puol ications ,  technical    literature, 
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AM  INNOVATIVE  APPROACH  TO  ELECTROCHEMICAL  CORROSION 
RATE  MEASUREMENTS  IN  DISTRIBUTION  SYSTEMS 

Steve  Relber 
John  Ferguson 
Mark  Benjamin 

Deportment  of  Civil  Engineering 

University  of  Washington 

Seattle,  Washington  98195 

The  electrochemical  polorlzation  of  copper,  block  Iron  ond 
galvanised  iron  pipes  wos  studied  to  evaluate  methods  of 
improving  the  necurncy  of  electrochemlcol  corrosion  rate 
■eaaureoents.  A  new  cell  configuration  lias  been  developed  that 
utilizes  pipe  coupons  os  the  teat  aurfnee  and  almulates  the 
conditions  and  flow  choracteristlcs  of  the  distribution  system. 
The  cell  con  be  used  to  mnp  variations  in  the  corrosion 
potential  across  the  pipe  coupon.  A  six-point  polarization 
procedure  is  used  to  estimate  the  corrosion  current  ond  the 
Tafel  slopes.  Results  indicate  thnt  Tafel  behavior  of  the  pipe 
surface  varies  as  a  function  of  material,  exposure  duration  end 
water  quality  conditions. 

IKTRODUCTION 

The  principol  electrochemical  technique  used  for  corrosion  rate 
•easurement  In  drinking  water  systems  Is  the  polarization  resistance 
■ethod.  also  called  linear  polarization.  Polarization  resistance  methods 
have  been  widely  used  alnce  1939  when  the  principle  was  first  described 
by  Uagner  and  Traud  (1)  and  then  expanded  upon  by  Stern  and  Geary  (2)  in 
1957.  The  basic  relationship  derives  from  the  modified  Butler-Volmer 
equation  (3)  and  assumes  that  electrochemical  kinetics  ore  solely  a 
function  of  activation  energy: 

I     -I   MQ<E"E<:or)/Ba  _  ,0-(E-Ecof  )/Bq,  ... 

meos    cor1  '  w 

vhe"  ^aas  ls  tfle  1*ea9urcu  polarization  current  thot  flows  between  the 
■etal  and  the  counter  electrode  (equal  to  the  difference  between  the 
partial  anodic  and  cothodic  curtents,  1  -  1  );  E  is  the  open 
circuit  corrosion  potentlol  (freely  corfSdingr' potential);  E  ls  the 
potential  laiposed  upon  the  metal;  I  is  the  corrosion  current  that 
•xiats  under  freely  corroding  conditions  and  is  the  value  being  sought. 
It  cannot  be  directly  meosured  since  i  -  1  it  F.  ,  B  and  B  are 
fitting  parameters  called  the  ano9lc  anS ' IcathoS?£  Tnfcl  slSpes. 
respectively. 

Application  of  this  equation  to  n  corroding  surface  is  valid  given 
the  following  assumptions:  (1)  no  ohmie  voltoge  drops  ond  no 
concentration  polarization  exist;  and  (2)  the  rest  potential  of  the 
corroding  system  is  sufficiently  displaced  from  the  reversible  potentials 
of  the  respective  anodic  and  cathodic  reactions  (usually  differences  of 
200  pV  or  greater  are  sufficient). 

Classical  polarization  resistance  techniques  derive  from  the 
observation  that  Equation  1  becomes  nearly  linear  for  small  values  of 
'^cor5'  The  dcrlv"i»e  »'  current  with  respect  to  potential   token  « 
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(E-Ecor-0)  result,  In  the  expression: 

IdI-«.'«1.2.3Ieor,1/B-,1/B  ,.,,„ 
«..lch  can  be  rewritten  In  the  f.mlllar  ,„,„, 


Ieor-»B.Be/2.3(B  *B  )1/R  .k/k 

"   c      P      D 


(2) 


(3) 


fhTiioV  SftCSSEJa  vrrl9cltance; *r  «"•  •«  ••-.  -nd  i, 

t-  «  explicit  ftja^J   -  ,-[-£-  „   (^^o,.     £  g-IJ* 

«  isr  assr  irxv^T  --  °<  ■"«»•  *«  ■   «1 

'"irrir s* netera -°k« -«    . ^Su.1:  ■*•»•"••  **mJi  a 

-MclfL       r     "f'r  for  *  ■»<»  ■«•«"».   the  o^l      ,    eoDl°'ln8  •«     int.n,..   '4 
■  peclflc   potential   offset    f,„.   t   *""*"8    me  polarization   rc»t«t.nr.  .►         'i* 

«t.r.  offer  -i.pllcit,  .„I"'  5-or'   »"•»»   »•••  than  20  ".  "huC  jLji 


EXPERIMENTAL  APPARATUS  AMD  MATERIALS 

M-jHatlor,  Cell  and   ElcctrU  Circuit 

«£  reA.e„ctr:r  iras  i*  e^;M»  -r^  <■«  «.  «*, 

r-j  .     consist,        0f  tegt  reference      fnrfP  P0larl«,tio„      ossemblj      lt 

m         configuration  and   geometr,   of   th   ,   cell    ,?"      ■»■«*"*«,         but    '   the 
$7'  ''"     "J*1   "•*•'   "o-  through  t         «   'I"'      CeU  °P«»"°"     calls 

Lif?  idJU8ted  ^  -Uulate  pipe  flow  .elodtiea  nr  S  "  "«tlon.  «*»<*  con  be 
fftt  •Uctrode  Itself  la  mode  ,.„_  *"'°,  leV  Rer»old.,  numbers.  The  test 
ift:..l«ek  iron  or   ..lv.„i«      „   I!"  "T      °""   °.f   VBter   MH. 


electrochemical 

condition  „f  thr/iui :  c:;?r  0rb\"dJurd  to  «s  ^«iiw- 

or  the  changing  condition,  of  a  gl*„ 


cali  o»er  time  (4,  5). 

Commercial 
r 
three 
Teiaa 
Interest 


"1     electrode'  conflg"  tSUS^SlJ^mma     "«      !«—     1. 

electrode     -/-te-'wnuf.ct'^J^J'^^f  «»t   Popul.r  <<e,ig„  1.    . 

-^rs&a  r  *u5^jT5?sr  Jars1 

eetabllahes  it,  ow  C^ffXfuwT*   I*.*     ""•-••   V",1  .2 
the  reference  .1..*.  {E~ih  ??  operation,      one  .erve. 


-"""*'-   «   cathodlc    dlr*<-Mn„    i  .7 —      r»«"im   liu.'n: 

■   Preset  equilibration   tim.   fh.   «  Ia   aPPlled   to      the      teat    JM 

jj^r  .ran.  &,sis& sls report •■ *•  •«-■—.  -  J^1 

Plying  aurf.ee,.   The  J?StffpUirS .'< ,'^[1"'-  »*'    «lll 


J&iUdl  iron  or  Ml™,^',  JT  ^JS™  «'  """  Pip-,  either  /»  "«h 
^counter  electrode  penetrX,  the  sx~ Ul  cenT  "  r^  C°PPer  tubl"«-  ™- 
Aj'lJ'"!"!,     and   1,   thus  eqol-dlatant   fro»     in f  °*   the     cel1     "^"B     it- 

*:|pol.ritatlon  extreme,,  even  whan  IZi,  I  .  '  curre"t  flow  during 
KM*  ,i:ffar"nCe  •1«^od,  i.  rS/*S  %[!! *""""  m8'  b«  -Ignlficont8 
KVflexibl.   polyeth7lene   .tern.      A   1        ,r   r  '   °   '   V*""'      in     "      na"°«. 

Mend     of   the   .tern  and   can   be   rece'aSd   m ^  d'    ,      JtJUnCtlon    flls   ln'o      th; 
-     £r   t   i.   porou.   mni   h„        h|      «  '  '   d«red   dl.t.nco.      The      junction 

r>rtferenca      voltage.      A   Drintln        .7         '    ensuring   an   exceptionally   atable 
^    that      the   junction  can   b'e   p^ .K^ ^ J'J'  °{   *•»«*«•     e.ectr'ode        8 

Ma!?"  "Cr°"   the  te«  "tetrode  surface!  *"i-"on  of  corrosion 

•Aftto.     the  potentioatat  1^  convarted  T  P?i    f^?''0"  scnna-      *™l°8 
PSW  Data  Acaul.ltion  Sp  «   °  ,   °C   l8  n'   1r",Jb7   "  KeltM^ 

ft     r"nrf*"d      '•  «   "M-PC   bM« ^  .icroprroce..nre,V      °nd'    M->'      Dots    J»   then 
i?|J »•■"."     "  '""'   BtoroB«-  -icroproce.sor   for      statistlcnl      anal„I8, 

For     determination 


Pine, 
output 
Series 


If: 


L    -'-^S^ 


Mr?wiiM  .Cel1'    Wlth   th«  -PProJ   la   ,  te,SJM!   ,    c°"°»*°"     rate,        the 
|«W-  flow-through  loop  .nd  contlnSouslI  1„  ''strode,   can  be  mounted   in 

JBSH    closed  loop  where   precl.e  water  aua?it     r     ^.    f  *"'  aU°  be  m°™<-<*  2 
M.jwhere     water     quolitr     trsn.l.ot*  ™l^k.  f  "ndUlot'»  «re  maintained,      or 
^corrosion     rate.  .onUoreS       Fi   ure  2   ..  .ndUH€d  9nd      t,ielr 
PSE1  recirculation     sr,tc«     used   in  ?m  !       thematic  of   the 

«!'•  control      temperature        till   J"   thl«   "ud'*      M««="«nIa,H 
Wport.     for      lnducing,tr.Xnt,teHanf  dl88°1^'1   «"r.. 
fgf-ort.     to     test     for   the  reUa»    '     H8.-nlt0rlnB'      " 
^-Provided.      Instrumentation      ."'!":,  b.U,UP°f      ""„.! 
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pnl  vnul  red  in>n  nruli  f.opper  test  elrctiodes  used  In  Lit  I  n  study.  Note  thnt 
the  ends  of  the  electrodes  are  lathe  cut  to  ensure  n  smooth  nnd  flat 
finish  (lint  mils  lightly  ngnlnst  the  neopreue  unslcii  of  the 
polar  1 znt  Ion  cell.  Corrosion  occurs  on  on  If  the  Interior  surfoce  of  the 
coupon.  The  test  elect  rortes,  or  coupons,  are  cut  to  a  nominal  length  of  t 
en.  Dlnck  iron  and  galvanized  Iron  have  an  Interior  surfoce  nren  of  18,) 
aq.  cm.,  nnd  the  thick  walled  copper  tubing  presents  an  Interior  surface 
of  12.5  sq.cm.  After  machining  the  coupons  ore  polished,  then  stamped 
with  nn  identl f icot Ion  number  and  given  nn  exterior  ccntlnR  of  clear 
acrylic. 


tll'ERIHENTAL  PROCEDURES  AMI)  RESULTS 


Considerable  work  hos  gone  Into  the  development  o 
preparation  ond  weight  loss  measurement  techniques, 
differ  substantially  from  ASTM  D  2680-83  Method  C  - 
Test"  (6)  or  ASTM  D  2G88-83  Method  B  -  "Coupon  Tea 
techniques  utilize  aoft,  high-speed  wire  brushes  and  fe 
to  mcchonicn 1 1 y  prepare  the  coupon  corrosion  surfnc 
preparation  time  ond  Increases  the  overnll  accuracy  of 
measurement  when  compared  to  the  ncld  dissolution  an 
techniques  uned  In  the  more  common  coupon  preparation  a 
will  be  reported  in  a  subsequent  paper. 
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Comparison  of  elcctrochemlcally  measured  corrosion  rates  with  weight 
loss  measurements  on  metal  coupons  was  used  to  validate  cell 
performance.  Weight  loss  measurements  ore  mode  by  placing  a  aleen 
containing  as  many  as  ten  coupons  (Identical  to  the  the  test  electrode) 
in-line  with  the  polar  1 ?at Ion  cell.  Coupons  are  butted  end-to-end  nnd 
separated  by  noopreno  washers  (see  Figure  4).  The  configuration  li 
advantageous  becnusc  of  the  high  sample  density  nnd  the  ability  to  easily 
retrieve  Individual  coupons. 

Because  the  coupons  ore  relatively  small,  a  larger  number  can  bt 
used,  giving  n  moro  accurate)  statistical  estimate  of  corrosion  rate  than 
the  lorger,  single  machined  nipples  used  in  ASTM  I)  2fi88-R3.  As  hos  beet 
demonstrated  in  other  reports,  weight  leas  estimates  of  corrosion  rates 
vary  drom.it Icnlly  (by  as  much  as  twofold)  even  for  identical  samples 
exposed  to  similar  conditions  (8,  9).  Much  of  this  is  due  to  the 
difficulty  of  denning  ond  preparing  the  corrosion  surfaces.  These  errors 
can  be  reduced  by  testing  several  coupons  nnd  using  careful  ropchankil 
surface  preparation  techniques. 

Table  1  presents  the  results  of  a  typical  weight  loss  test 
conducted  In  Senttlc  top  water.  The  coupon  exposure  period  was  24  hours, 
median  pll  was  7.7  with  o  temperature  of  1'5  dcgrecs-C,  conductivity 
■••raged  55  umhos/cm,  dissolved  oxygen  wns  saturated  at  10  mg/1,  end  flov 
through  the  sleeve  was  maintained  at  a  velocity  of  1  ft. /sec. 

At  the  951  confidence  level  the  precision  of  the  corrosion  cstlaatl 
Is  approximately  257,  of  the  average  weight  loss  measurement .  Tart  of  the 
variation  enn  be  explained  os  the  nctual  difference  in  corrosion  rates  ci 
different  coupons  due  to  surfnee  nnd  material  vnrlnllons.  Still,  a  large 
part  of  the  variation  is  probably  due  to  the  coupon  prepore-tlot 
technique.  Because  this  wns  nn  extremely  short  exposure  with  n  Initial 
weight  loss,  the  contribution  of  preparation  technique  to  the  inpreclsloa 
Is  magnified.  Extended  exposure  produces  proportionally  higher  weight 
loss,  thus  Increasing  the  overall  analytical  precision.  Precialon  of 
weight  loaa  testa  with  nutations.  In  excess  of  one  week  improved  to  10 
percent  or  less. 
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measurements  indicate  that  extreme  polnr lzntlon  resistance  measurements 
on  the  rutins  surfaces,  cither  high  or  low,  should  be  discarded. 
Measurements  token  on  the  more  cathodlc  orcos  of  the  coupon  will 
"cluster"  nround  nn  overage  value  that  accurately  reflects  the  corrosion 
rate  and  nnaoclutcd  clcctrochcmlcol  parameters. 

This  averaging  technique  workn  satisfactorily  on  Iron  coupons  where 
the  corrosion  scale  Is  relatively  thin  (less  thnn  1  rara).  However, 
experience  hos  shown  that  this  is  unsatisfactory  on  aged  black  lro« 
coupons  with  thick  scales,  or  scales  that  form  lorge  patches  89  apposed 
to  a  distribution  of  smaller  discrete  pits.  The  correlation  of  thi 
electrochemical  corrosion  meosurement  technique  compared  to  weight  loai 
measurements  decreases  dramnticolly  with  formation  of  these  conditions. 

The  potcntlol  scans  on  copper  and  galvanized  iron  (Figures  6  and  7) 
show  a  more  atable  surfaco  E  than  Iron.  The  uniform  nature  of  their 
corrosion  process  and  ecnlS  aepoaltlon  explains  this  difference.  0* 
these  surfoccs  polarization  resistance  measurements  show  only  *1I|M 
spatial  variation,  and  since  both  copper  and  zinc  scales  nre  generally 
thinner  thnn  iron  scales,  the  measurement  distortion  is  not  a  probltl 
rcgordless  of  coupon  exposure  time  or  scale  growth. 


General  Polarlznt ton  Measurements 


In  general,   corrosion  rates  men 
t/>  are  an  order  of  magnitude  lower  thnn 
1   or   the   down-hole  tooling  of  an  oil 
CO  measurements  in  these  environments 
measured   in  mllllnmps/cm  .,   while 
distribution    plumbing  materials 
filcroomp/cra  .   range.    It  is  usuolly 
measurement  on  a  rapidly  corroding  sy 
densities   are   higher,   but  also  bee 
returns   more   quickly  to  Its  freely 
application  of  a  polarizing  current. 


sured  in  water  dls 
those  observed  for 
drilling  rig.  Mos 
eal  with  corrosion 
current  densities 
are  more   likely 

easier  to  make  a 
stem,   not  only  be 
nuse  a   rapidly 
corroding  conlltl 


trihutlon   afiteai 

iron  In  see-voter, 

electrochemical 

current  densltlei 

on  common  water 

to  be   In   the 

n   electrochemical 

cause  the  current 

corroding  surface 

on  following  the 


Because  distribution  system  corrosion  is  relatively  low,  maintalnln| 
the  freely  corroding  condition  of  the  test  electrode  surface  is  crucial 
for  an  accurate  measurement.  This  task  is  complicated  because  the  freely 
corroding  surface  is  readily  offected  by  mechanical  action,  such  as  scali 
removal,  or  by  electrochemical  actions  thnt  favor  either  the  anodic 
oxidation  or  the  cothodlc  reduction  processes.  This  means  that 
polarizing  the  surface  by  Impressing  a  current  density  of  several 
■  ill  lamps/cm  ,  os  would  be  the  case  for  a  rnpldly  corrodlnR  surface,  li 
not  opproprlotc,  since  it  altera  both  the  physical  nnd  electrochemical 
character  of  the  electrode  surface.  The  problem  Is  further  complicated  «j 
the  drift  of  I  ho  bnsellnc  E  .  As  demonstrated  by  surface  potential 
aeons  (Figures  5,  6  nnd  7),  Infgo  spntlnl  variations  In  surface  potential 
arc  possible  on  ractnl  plumbing  surfaces,  and  experience  indicate!  • 
temporal  component  to  this  variation.  An  individual  alto  may  allow  I 
potentlol  shift  of  *  or  -  10  mV  within  a  five  minute  period.  Shlfta  si 
great  as  50  mV  in  n  day  have  been  observed,  cnpeclnlly  no  Iron.  Thli 
supports  the  hypothesis  that  anodic  nnd  cnthodlc  regions  con  U 
conslnntly  In  notion,  establishing  a  "dynamic"  surface  equilibrium  where 
the  favorobllity  of  specific  half-cell  reactions  chnnp.e  as  the  corroaloa 
process   proceeds.    Decouse  anodic  nnd  cnthodlc   sites  are  constant!) 
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ahlftlng,  measurement  of  polarization  reslstnnce  nt  a  particular  point  on 
the  surfaco  should  be  completed  quickly  before  the  biiaelinc  E  (flora 
which  the  polarization  offset  is  roensured)  enn  shift  substnnt  loiff . 


Application  of  o  polarizing  current  generally  IncreBS 
drift  since  It  tends  to  redistribute  the  anodic  nnd  cnthod 
If  the  boaellne  Is  not  stable,  the  polarization  offset, 
polarization  reslstnnce,   cannot  be  accurately  measured. 
with  the  sensitivity  of  the  corrosion  surfaces  to  perturlin 
impressed   currents,   mitigates  against  the  use  of  the  Mil 
Cathodlc  continuous   polarization   scans   (15).    Instead 
polarization   offset   procedure  similar  to  those  suggested 
et.al.  and  Jankowskl  et.al.  (16,  17)  is  used.  The  electro 
to  offseta  of  20,  40  nnd  60  mV  In  the  anodic  direction,  an 
~i<3     »V  in  the  cathodlc  direction.   Each  polarization  step 
within  a   two  mlnuta  span,   hence  the  oppotunity  for  base 
■lnlmlzed.   Decnuoc   the   magnitude  of  the  polarizations 
potential  dlaturbnnca  to  the  clmrnctcr  of  t ho  freely  curio 
lessened,   yet   the   perturbations  are  largo  enough   that 
current  can  be  accurately  measured.  Dascllne  E    Is  mensu 
and  after   each   polarization   to  ensure   thntcrdrift   is 
polarization   la   repeated   if  drift  produces  on  error  gr 
percent  of  the  target  offset. 
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Electrochemical  parameters  ore  calculated  from  the  polarization  data 
by  fitting  each  point  to  the  modified  Dutlcr-Volmer  equation  (Equation  1) 
and  selecting  Tofel  slopes  thot  give  the  least  overall  error  between 
observed  and  predicted  polorlzotlon  currents.  The  procedure  is  summarized 
In  the  flow  dlarjmm  of  Figure  8.  A  BASIC  language  program  hos  been 
developed  to  speed  the  Iterative  series  of  cumbersome  calculations.  In 
essence,  it  Is  a  brute  force  approach  that  tests  every  feasible 
combination  of  anodic  ond  cnthodlc  Tafel  slope  nnd  ultimately  selects  the 
pair  that  gives  the  best  fit.  In  this  sense  It  Is  similar  to  the  earlier  _ 
P0LC0RR  program  (18).  After  establishing  the  appropriate  search 
Boundaries  and  Iteration  increments  a  cotroslon  current  is  calculated 
using  the  Leroy  model  (19)  ond  the  first  selection  of  Tofel  slopes. 
Leroy's  model  Is  a  statistical  approach  that  is  useful  for  predicting  the 
corrosion  current  density  from  a  limited  set  of  polarization  data 
assuming  a  given  set  of  Tofel  slope9.  It  tskes  the  form: 


I  | I  (10(E|"Ecor)/Bi 

Icor "  _1f[(io"^rEro7T7Brr 


_  10-(E|-Ecor)/Dc)) 


(4) 


The  corrosion  current  nnd  Tofel  slopes  are  Bpplled  in  equation  4  to 
give  the  predicted  polarization  currents  for  the  respective  polarization 
offset.  If  any  one  predicted  value  shows  an  error  grcoter  thnn  some 
arbitrary  cut-off  (usually  5-10  percent  of  the  observed  value)  the  set 
of  predictions  is  rejected.  The  Tafel  slopes  nre  then  incremented  by  the 
areset  amount  nnd  the  calculation  restarted,  if  all  predicted  values  fall 
within  the  maximum  allowable  error  the  values  are  stored  along  with  the 
sua  of  the  square  of  the  totsl  error.  Tofel  slopes  are  then  incremented 
and  the  calculation  proceeds  until  all  possible  combinations  established 
within  the  original  limits  hove  been  tested.  Selection  of  the  actual 
Tafel  slopes  uses  the  minimum  sum  of  the  squares  of  the  errors  as  Its 
goodness  of  fit  criteria. 
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.W.  ,     !  ,   ""J1.9  "re  r'""'9  '•'"Bran.s  constructed   fro-  nalarlmloi 
do  a  col  lected  on   black  Iron  coupons  exposed  to  the  Seattle  d'lstr     o 
sys  em   for  24  hrs.   and  7  days,   respectively.    The  lines  of   best    t 
(polar iMUon  curve,)  resulting  fro.  tho  parameter  estimation  technl 

Ms' nse  tl     T   0V",,8:d  °"  thC  9lX  *Cn3UrCd  PO»«l«tIon  point..' 
his  case  the  maximum  single  error  between  measured  and  predicted  value, 

a  1  rr.   'a?  f/Crrr  °f  t,,e  "cn3"rca-   "  '<"  B-ncrnlly  possible  to 
-  fit  that  f„lls  within  an  error  range  of  5-10  percent.   The  dashed  11a" 

orarthe   r    nt    rai  T  rtrTlBllona  °l  the  ******  um  ■ 

the  „„L  f°.r  1^°"  f  thC  P°lor>"^lon  curve.  The  current  density  . 
tho  point  of  Intersection  represents  the  current  density  of  the  free", 
corroding   surface.  "«»j 

nnuJ18^03      10,°nd    M   P,esent   Evana   dianran,   of   measured  and     predict,, 
x  7  r1U"     driVed   fr°"  "»*   -id      B«lvanl*ed      iron   P  u 

! "}cf?r    7nd"'S   l°   tl,e   Sco"le  distribution   systc.      In   both  case, 
analytical        approach       was   the        same   as   for   the      black      Iron     exa.oU. 
Ixamnle,     r'r"1"3   U,e   I"— ««■  derived   fro™      the      four      pola   Us      i 

",        d      "7°:"   el'ctrochealcally  measured   corrosion   \ates     , 
weight      loss      estimates     of  corrosion   rates   made     on        five     tout-on     set, 
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DISCUSSION 

Accurncy  of  Corrosion  Measurements 

«..   VCIr.,1,Itl°  "*•«»*«•  ls  •»«M.H.  attesting  to  tho  accurec,  ef  t 
alstr?hu  f      /«'•»»;}•'*  tor     corrosion   rate  measurements   „  w.t    • 

he  M   o  a"  tESZt    Dl3Cf'Tl°n   °f  ,rnent  P°,nr""t'°"  insurer,  at.    fl 
cue  national  Association  of  Corrosion  Enolneers  (20)  ,nr»ik.  „r   ,.ji  .  1  V 

value,  being  within  one  to  twofold  of  actual  ^iSj^.^jS'B  ( 
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It    in   not   surprising    that   substantial   differences   In  .1. ,-»,„..       i      i 
Inettcs   „U,    between   dHf.ont   „,.,.,        "STST-Sit  S«SS2 

exposure   periods.      That   a   substantial    difference  can  develop  on  d        e rent 

le   a"   i»   uM    ,n™C/Ct01   '"'I""   «P«-«   to   ■  constant   water     qua 

less      intuitive   and   muat   be   borne   in  mind  when   Interpreting      distribution 

fresh   and   relative!,  aged'  SrSS^AS  ^  o ft?t  *S2 

been  observed  on  copper  electrodes  a.  well.      "'"""■  of   thla  *7P«  h.v. 

COHCLUSIOHS 

I.  The  flow-tl.roi.gh  polarization  cell  offers  ireater  acrur«r. 
than  typical  linear  polarization  Instrumentation"^  co  ro  on 
rate     measurement      In     distribution      atat»n.  it..      «  °" 

result,   from   the  us.  of   pi  J.n     ^"ter J.'   "   ' the  ^.t'^Jec^rod" 
«.rl.c.       and     the  Inherent   flexibility  of  ,  ay.tem     capable     ot 

eiectracl.cn.lcnl   kinetic   paroraeters. 
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2.  Over  tine,   exposure  to  diatrlbutlon 
!.1««'  cyndt;lon'  °<  plumbing  r.atert.1,  and 
values   of  electrochemical   parameters  (Tafel 
determine   corrosion  kinetics.   Corrosion  rat 
require  accurate  estimates  of  Tafel  behavior  r 
specific  conditions  and  duration  of  the  metal 
six-point  polarization  technique  coupled  with  a 
to  aelect  Tafel  volues  that  most  closely  fit 
the  observed  polarization  values  has  worked  satl 


er  changes  the 

can  alter   the 

slopes)   that 

a   measurements 

elatlve  to  the 

a  exposure.  A 

program  designed 

he  predicted  to 

af actorl  ly  . 


3.   Corrosion  surfaces  formed  in  the   distrlbut 

IS,  7,  t0  I"'th  rocc,,8"lca»  <»»l  electrochemlco 
lolarizatlon  In  excess  of  100  mV  In  either  dl 
alters  the  freely  corroding  surface  of  block  Ir 
aakes  accurate  corrosion  rate  measurements  diffl 
iron  and  copper  surfaces  are  affected  in  a  -1.1 
to  a  lesser  extent. 
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locations  to  characterize  polarization  current.   A     I 
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Figure  I.  Cross-Section  of  Flo-Thru  Polorliotlon  Cell 
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Figure  2.  Schematic  Oiogrofi  of  Closed-Loop  Reclrculot Ion  Systs 
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Corrosion  Monitoring  and  Control 
in  the  Pacific  Northwest 

Stem  H.  Reiber.  John  F.  Ferguson,  and  Mark  M.  Benjamin 


An  18-month  monitoring  program  evaluated  the  relationship  between  copper  plumbing 
corrosion  and  variations  in  delivered  water  quaiitv  tn  several  communities  in  the  Pacific 
Northwest.  Significant  relationships  were  found  tor  copper  corrosion  rate  dependence  on  pH 
and  tree  chlorine  residual.  Regression  analysts  provtded  a  statistical  means  of  identifying  the 
important  predictors  of  copper  corrosion  rates  in  low  mineral  waters. 


The  northwestern  United  States  con- 
tains some  exceptionally  prist  me  surface 
water  sources  of  unusual  clarity  and 
corrostveness.  These  sources,  fed  by 
•lountam  runoff,  are  often  extremely 
av  in  alkalinity  and  pH.  have  negative 
-angeher  index  values,  and  can  have 
,-ubstantial  concentrations  of  leached 


alkalinity.  Other  parameters  such  as 
free  chlorine  have  not  been  affected. 

Study  objectives 

The  objectives  of  this  study  were 
threefold.  (1*  evaluate  the  success  of 
Seattle's  control  program  in  reducing 
the  rate  of  residential  copper  plumbing 


chlorine,  free  chlorine,  fluoride,  alka- 
linity, chloride,  calcium,  magnesium, 
copper  corrosion  rates,  zinc  corrosion 
rates,  and  particle  concentrations. 

The  MWQjML  was  designed,  as- 
sembled, and  initially  tested  at  the 
National  Sanitation  Foundation  in  Ann 
Arbor.  Mich,  in  1972.''  It  was  subse- 
quently modified  by  The  Metropolitan 
Water  District  of  Southern  California  in 
1976."  and  by  the  Lawrence  Berkeley 
Laboratory  in  1980. 

During  this  study,  the  MWQML  was 
located  at  selected  points  in  the  Seattle 


These  scanning  electron  micrographs  show  the  fresh  (left)  and  aged  (right!  surfaces  of  a  copper  electrode  at  500x  magnificatic 
re  :tive  depth  and  coverage  or  the  oxide  film  is  readily  apparent. 


.\VWA 


rr.  i a  1 5 .  especially  in  tap  water  that  has 
stood  overnight.  In  1978.  the  Seattle 
(Wash.)  Water  Department  (SWD)  esti- 
mated that  the  cost  of  replacing  corro- 
sion-damaged residential  plumbing  sys- 
tems approached  S8  million  annually.1 
To  reduce  these  costs,  several  north- 
western communities  have  instituted 
corrosion  control  programs.  In  Seattle,  a 
series  of  pilot  studies3-1  suggested  that 
the  most  cost-effective  technique  for 
Brit  igating  the  problem  was  a  program  to 
WJc  'ase  pH  and  alkalinity  through  the 
ac    .:on  of  lime  and  soda  ash. 

i  able  1  gives  the  average  precorrosion 
and  postcorrosion  treatment  character- 
istics of  Seattle's  Tolt  River  supply. 
Lime  and  soda  ash  feed  rates  during  the 
Program  were  2.0  and  10.0  mg/L.  re- 
spectively. The  only  significant  changes 
in  water  quality  have  been  in  the  pH  and 
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corrosion;  (2)  determine  how  instan- 
taneous copper  corrosion  rates  are  af- 
fected by  short-term  variations  in  se- 
lected water  quality  parameters;  (3) 
develop  a  statistical  model  of  the  copper 
corrosion  process  as  a  function  of  selected 
water  quality  parameters. 

Materials  and  methods 

Mobile  laboratory.  The  US  Environ- 
mental Protection  Agency's  Mobile 
Water  Quality  Monitoring  Laboratory 
(MWQML)  was  loaned  to  the  University 
of  Washington  for  this  study.  The 
MWQML  is  a  self-contained,  micropro- 
cessor-controlled laboratory  capable  of 
continuously  sampling,  analyzing,  and 
recording  more  than  20  water  quality 
and  corrosion-related  parameters,  in- 
cluding temperature,  flow.  pH.  conduc- 
tivity, dissolved  oxygen,  turbidity,  total 

US-88 


distribution  system  for  periods  ranging 
from  one  to  three  weeks.  This  allowed 
time  to  develop  a  sufficient  data  base  of 
diurnal  chemical  variation.  Sampling 
was  conducted  for  a  six-month  period 
during  which  the  SWD  increased  chem- 
ical dosages  to  their  full  treatment  levels 
and  for  one  year  after  implementation  of 
full  corrosion  control  treatment.  Sam- 
pling locations  were  selected  to  represent 
service  lines  to  consumers'  homes  and 
other  points  of  interest,  such  as  sites 
near  transmission  lines  and  distribution 
reservoirs,  rechlorination  points,  and 
transitions  :n  service  zones. 

Corrosion  measurement  All  corrosion 
rate  measurements  were  made  with  a 
three-eiectrode  linear  polarization  in- 
strument," which  was  modified  to  accept 
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Figure  1.  Average  weekly  aged  copper 
corrosion  rates  in  the  Tolt  distribution 
are3  during  the  first  year  of  the 
corrosion  control  orogram 


Figure  2.  Copper  corrosion  rates 
(measured  at  selected  points  through- 
out the  Seattle  distribution  system) 
as  a  function  of  weekly  median  pH 
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Figure  3.  Continuous  copper  corrosion 
rates  on  fresh  and  aged  electrodes 
compared  with  selected  water  quality 
parameters 


Figure  4.  Continuous  copper  corrosion 
rates  on  fresh  and  aged  electrodes 
compared  with  selected  water  quality- 
parameters 


TABLE  1 

Water  quality  in  the  northern  Seattle  distribution  area 


Delivered  Water  Quality 

Parameter 

Precorrosion  Treatment!  Postcorrosion  Treatment 

pH 

Alkalinity— mg  as  CaCO^L 
Conductivity — nmhos/rm 
free  chionne  residual — mg/l. 

5.7-6.2 

3.0-5.0 

30.0-40.0 

0.2-0.4 

7.8-8.3 
15.0-17.0 

50.0-75.0 
0.2-0.4 

TABLE  2 

Linear  regression  models  of  copper  corrosion  on  aged  and  fresh  surfaces 


Coefficient 

Parameter 

Aged  Surface 

Fresh  Surface 

Corrosion  Rate 
Y  intercept 
PH 

Free  chlorine  residjal — mg/L 
Temperature— °F/°Q 
Conductivity — timhos/cm 

14.04 

-1.98 

20.57 

33.1  (0.66) 

0.01 

46.22 
-2.31 

33.53 
32.5  (0.33) 

0.02 

sequencing  and  data  acquisition  control 
by  the  MVVQ.ML  microprocessor.  The 
system  measures  a  corrosion  rate  by 
polarizing  (i.e.,  shifting  the  potential  at) 
the  test  electrode  in  a  technique  first 
described  by  Stern  and  Geary.7  For  very 
small  changes  in  potential,  the  corrosron 


rate  under  freely  corroding  conditions  is 
proportional  to  the  impressed  current 
needed  to  maintain  the  polarization  shift. 
In  effect,  the  instrument  consists  of  a 
potentiostat  and  an  extremely  sensitive 
ammeter  capable  of  measuring  currents 
in  the  microampere  range. 


The  corrosion  electrodes  were  posi- 
tioned in  fiow-through  cells  with  a 
constant-head  device  to  ensure  stable 
liquid  velocities.  The  electrodes  used 
were  standard  cylindrical  probes,  99.9 
percent  pure  copper  with  a  total  surface 
area  of  18  sq  cm.  Cycle  times  allowed 
individual  corrosion  measurements  to 
be  taken  at  lQ-min  intervals. 

A  multiplexer  attached  to  the  monitor 
made  it  possible  to  automatically  se- 
quence corrosion  rate  measurements  on 
two  sets  of  electrodes.  Copper  plumbing 
materials  with  different  degrees  of  cor- 
rosion were  represented  by  two  elec- 
trode sets  with  different  oxide  film 
depths.  The  first  set.  an  "aged"  copper 
surface,  was  covered  with  a  stable  oxide 
film  layer  more  than  50  ^m  deep.  The 
coating  developed  over  a  period  of  eight 
months  and  was  both  uniform  and 
continuous.  The  second  electrode  set 
represented  a  relatively  "fresh"  copper 
surface,  with  a  shallow  oxide  film  layer 
approximately  10-20  ^m  deep. 

Although  a  heavy  oxide  film  layer  was 
left  intact  on  the  aged  surface,  significant 
oxide  buildup  on  the  fresh  surface  was 
prevented  through  a  program  of  regularly 
scheduled  weekly  washings  using  a 
nonabrasive  detergent  paste.  The  paste 
was  applied  manually  with  cotton  swabs, 
using  gentle  pressure.  Washing  reduced 
the  extent  of  oxide  buildup  but  did  not 
expose  a  clean  or  bare  copper  surface.  An 
entirely  bare  surface  would  require  a 
substantial  conditioning  period  because 
initial  corrosion  rates  wouid  be  high  and 
would  constantly  decline  as  the  oxide 
layer  developed. 

Both  optical  and  scanning  electron 
microscopic  examination  of  the  cor- 
roding electrode  surfaces  confirmed  that 
uniform  copper  corrosion  was  the 
prevalent  form  within  the  Seattle  sys- 
tem. No  examples  of  cold  water  pitting 
were  observed.  Because  the  corrosion 
was  uniform,  corrosion  rates  are  pre- 
sented as  a  penetration  velocity  in 
microns  per  year  (1  um/year  -  0.039 
mils  per  year  [mpyj). 

The  MWQML  corrosion  rate  meter 
was  evaluated  by  comparing  its  results 
with  weight-loss  measurements  of  the 
fresh  copper  electrode  set.  Weekly 
weight-loss  comparisons  of  the  three 
individual  electrodes  with  the  cumula- 
tive average  linear  polarization  measure- 
ment for  the  same  period  showed  that 
the  MWQML  meter  consistently  gave  a 
corrosion  rate  reading  25  percent  lower 
than  the  weight-loss  measurement. 
Given  the  inaccuracies  and  variability  in 
both  types  of  measurements,  this  was 
considered  a  satisfactory  validation  of 
the  linear  polarization  technique. 

The  Seattle  program 

Seattle  began  its  program  of  corrosion 
control  in  June  1982.  The  program  called 
for  the  gradual  increase  of  distribution 
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water  pH  and  alkalinity  through  the 
addition  of  lime  and  soda  ash.  The 
adjustment  period  extended  over  12 
months,  beginning  in  June  1982.  During 
startup,  corrosion  rates  were  followed 
or.  aged  copper  electrodes  at  selected 
sites  throughout  the  northern  portion  of 
the  distribution  area.  Corrosion  rates  on 
iresh  copper  surfaces  were  not  available 
during  this  period.  Figure  1  summarizes 
the  weekly  median  pH  values  and  the 
aged  copper  corrosion  rates  that  were 
oDtained  during  this  first  year  of  oper- 
ation. The  data  clearly  indicate  that  as 
the  pH  of  the  system  was  adjusted 
upward,  there  was  a  reciprocal  decrease 
in  the  copper  corrosion  rate.  Overall,  the 
pH  shifted  from  a  median  distribution 
ieve!  of  approximately  5.8  at  the  start  of 
t  he  program  to  a  median  level  of  7.7  after 
12  months  of  operation,  producing  a 
decrease  in  corrosion  rates  from  a  weekly 
average  of  2 1.6  Mm/year  to-1 0.2  ^m' year 
(a  54  percent  decline). 

Figure  2  shows  the  weekly  median 
aged  copper  corrosion  values  of  Figure  1, 
plotted  as  a  function  of  the  median  pH. 
The  inverse  relationship  between  pH 
and  distribution  copper  corrosion  is  clear 
and  has  been  observed  by  other  re- 
searchers. Hilburn'  has  postulated  that 
copper  corrosion  rates  may  be  limited  by 
the  transport  of  hydroxyl  ions  away 
from  the  corroding  surface.  The  hy- 
droxyl ions  are  formed  in  the  oxygen 
half-ceil  reduction: 

0,  -  2H;P  -  4e_  -  40H* 

Their  increase  at  the  point  of  corro- 
sion produces  a  higher  localized  pH  on 
the  copper  surface  than  in  the  bulk  fluid. 
Increased  hydroxyl  ion  concentrations 
diminish  the  cathodic  half-cell  reaction 
rate,  thus  inhibiting  the  overall  rate  of 
corrosion.  By  increasing  the  pH  of  the 
bulk  solution,  the  driving  force  for 
diffusional  transport  of  the  hydroxyl 
ions  away  from  the  copper  surface  is 
decreased. 

It  is  also  known  that  a  higher  pH 
decreases  the  solubility  of  copper  oxide 
solids,  enhancing  the  buildup  of  an  oxide 
film  layer  over  time.  This  increases  the 
diffusional  barrier  further,  reducing  the 
overall  corrosion  rate. 

As  part  of  its  corrosion  control  pro- 
gram. SWD  conducted  a  study  of  metal 
plumbing  leaching  rates  in  300  Seattle 
residences.*  Homes  were  selected  from 
the  entire  service  area,  and  sample 
collection  was  concentrated  primarily 
on  water  that  had  stood  overnight.  For 
homes  in  the  northern  distribution  area. 
study  results  after  the  first  12  months  of 
treatment  indicate  that  concentrations 
of  cadmium,  Ie3d.  and  copper  were 
reduced  by  48,  12,  and  60  percent, 
respectively.  Although  these  results  are 
not  directly  comparable  with  the  elec- 
trochemically   measured  reduction   in 


copper  corrosion,  both  studies  indicated 
that  the  corrosion  control  program  is 
successful. 

Copper  corrosion  and  short-term 
water  quality  variation 

Once  water  is  delivered  to  the  distri- 
bution system,  its  quality  can  be  in- 
fluenced by  rechiorinanon.  storage  in 
open  reservoirs,  piping  systems,  and 
other  factors.  Water  delivered  to  a 
specific  connection  may  be  a  blend  from 
several  storage  facilities.  The  relative 
proportions  of  the  blend  would  depend 
on  system  demand  and  network  hy- 
draulics. Diurnal  variations  over  a  range 
of  as  much  as  1.0  pH  unit  and  0.6  mg 
chlorine/L  are  common  in  some  portions 
of  Seattle's  distribution  system.  Tem- 
perature may  vary  by  several  degrees. 
Less  significant  variations  in  conduc- 
tivity are  observed.  Variation  in  al- 
kalinity is  minor  and  directly  related  to 
the  pH  variation.  Hardness  variation  is 
insignificant  and  generally  below  the 
sensitivity  of  the  standard  titration. 
Dissolved  oxygen  levels  remain  nearly 
constant,  ciose  to  saturation  levels. 

Monitoring  for  short-term  water  qual- 
ity variations  and  their  impact  on  copper 
corrosion  rates  was  conducted  at  nu- 
merous points  throughout  the  northern 
Seattle  distribution  network.  Figures  3 
and  4  are  summaries  of  water  quality 
variations  and  copper  corrosion  rates  on 
both  fresh  and  aged  copper  surfaces  at 
two  different  sampling  points  during  a 
five-day  sampling  period.  To  present  the 
full  five  days  of  data,  hourly  averages 
are  shown.  Each  hourly  value  is  the 
average  of  six  10-min  incremental  values. 
The  standard  deviations  of  the  hourly 
and  10-min  data  sets  are  nearly  identical, 
indicating  that  little  of  the  quality  of 
variation  in  the  data  was  lost  by  the 
hourly  averaging. 

Both  Figures  3  and  4  demonstrate  a 
strong  positive  correlation  of  corrosion 
rate  with  free  chlorine  residual  for  the 
fresh  copper  surfaces.  Corrosion  rates 
on  the  aged  surfaces  are  substantially 
less  than  the  fresh  surfaces  because  of 
the  protection  provided  by  the  thicker 
oxide  film.  The  relationship  between  the 
aged  surface  corrosion  rate  and  the 
chlorine  concentration  in  Figure  4  is 
weak  compared  with  the  data  set  in 
Figure  3,  probably  as  a  result  of  the 
lesser  magnitude  of  free  chlorine  varia- 
tion and  its  more  gradual  rate  of  change. 
Variation  of  the  aged  copper  corrosion 
rate,  however,  follows  a  similar  pattern 
to  that  of  the  fresh  surface,  indicating 
that  the  same  fundamental  mechanisms 
are  at  work  on  both. 

The  influence  of  pH  on  the  copper 
corrosion  rate  is  equally  apparent  in 
Figure  3.  A  distinct  inverse  relationship 
of  the  corrosion  rate  with  pH  change 
exists,  including  the  more  pronounced 
pH  spikes.  For  this  data  set,  pH  and 


chionne  residual  were  roughly  equal  in 
their  correlation  to  the  copper  corrosion 
rate.  Of  course,  they  are  strongly  corre- 
lated with  each  other  as  well.  For  the 
data  set  in  Figure  4.  pH  was  somewhat 
less  correlated  to  the  copper  corrosion 
rate.  The  influence  of  temperature  and 
conductivity  are  not  readily  apparent  in 
either  data  set. 

Statistical  analysis 

Multiple  linear  regression  analysis  was 
performed  on  a  combination  of  selected 
data  sets  to  evaluate  the  relative  signif- 
icance of  the  four  water  quality  param- 
eters on  both  fresh  and  aged  copper 
surface  corrosion  rates.  The  combined 
data  set  spanned  more  than  500  h  and 
contained  more  than  4000  individual 
data  points,  includingthedata  shown  in 
Figures  3  and  4.  A  forward  stepwise 
regression  analysis  was  used,  with  the 
four  independent  predictor  vaiues  re- 
gressed in  the  following  sequence:  11) 
pH.  (2)  free  chlorine  residual.  (3i  tem- 
perature, and  (4)  conductivity.  Table  2 
presents  the  linear  regression  models 
developed  for  both  the  fresh  and  aged 
copper  surfaces. 

Table  3  presents  the  regression  analy- 
sis of  variance  for  the  aged  and  fresh 
surface  corrosion  rates.  The  coefficient 
of  determination  (R2)  indicates  that  the 
regression  models  account  for  approx- 
imately 96  and  76  percent,  respectively, 
of  the  overall  variance.  The  overall 
regression  for  both  equations  is  signif- 
icant at  the  99  percent  confidence  level. 
The  sum  of  the  squares  analysis  on  the 
four  independent  regression  parameters 
indicates  that  for  both  aged  and  fresh 
surfaces,  the  free  chlorine  residual  is  the 
most  significant  predictor  value— ac- 
counting for  more  than  60  percent  of  the 
variance  in  the  corrosion  rates.  On  the 
aged  surface,  the  significance  of  the  pH 
and  temperature  predictors  is  approx- 
imately equal,  accounting  for  about  15 
percent  of  the  observed  variance.  Both 
parameters  are  of  less  significance  on 
the  fresh  surface.  Conductivity  is  of 
little  significance  as  a  predictor  value  for 
either  the  fresh  or  aged  surfaces  in  the 
Seattle  distribution  network. 

The  predominance  of  chlorine  in  the 
regression  analysis  was  quite  unex- 
pected, given  the  emphasis  on  pH  control 
to  reduce  corrosion  rates  and  the  very- 
strong  correlation  with  pH  observed  in 
some  data  sets  (e.g..  Figure  3).  The 
model  results  are.  however,  unam- 
biguous. The  regression  equation  coeffi- 
cients indicate  that  the  corrosion  rate 
change  with  chlorine  residual  is  approx- 
imately +25.0  /im/year  per  mg  chlo- 
nne/L.  whereas  the  change  with  pH  is 
approximately -2.5  ^m/year  per  pH  unit. 
a  value  somewhat  smaller  than  that 
indicated  by  the  results  presented  in 
Figure  3.  In  addition,  the  chlorine  resid- 
ual accounted  for  60-90  percent  of  the 
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TABLE  3 

Analysts  of  variance  for  aged  and  fresh  copper  surface  corrosion  regression  models 


Cause  of  Variance 


Degrees 
of  Freedom 


Sequential  Sum 
of  Squares 


A  Red 


Residual 

346 

•.:  V.r 

Kejrression 

2.238 

pH 

0.354 

Free  chionne 

1.491 

i-;moera:ure 

0.3S5 

Conduct  miy 

0.008 

Total* 

350 

2.356 

•Excluding  regression 
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Figure  5.  Observed  versus  predicted 
copper  corrosion  rates  on  a  fresh 
electrode  surface 
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Figure  6.  Observed  versus  predicted 
copper  corrosion  rates  on  an  aged 
electrode  surface 


observed  coefficient  of  determination, 
whereas  the  pH  accounted  for  16  percent 
of  the  aged  surface  values  and  less  than 
1  percent  of  the  fresh  surface  values. 

The  greater  influence  of  pH  on  aged 
surface  corrosion  is  probably  related  to 
the  boundary  layer  created  by  the  oxide 
film.  By  diminishing  contact  of  the  bulk 
fluid  with  the  metal  surface,  the  film 
creates  a  diffusional  limitation  for  the 
hydroxyl  ions  that  are  generated  in  the 
oxygen  reduction  half  reaction  at  the 
copper  surface.  The  film  also  acts  as  a 
diffusional  barrier  to  the  free  chlorine  in 
solution  and  therefore  diminishes  the 
impact  of  this  parameter  on  the  overall 
corrosion  rate. 

Whereas  the  thin  film  of  the  fresh 
copper  surface  does  not  allow  a  signif- 
icant difference  between  bulk  solution 
and  surface  pH,  the  thick  film  of  the  aged 
electrode  retards  the  diffusion  of  hy- 
droxyl ions  away  from  the  surface  and 
creates  a  surface  pH  high  enough  to 
decrease  the  velocity  of  the  oxygen  half- 
cell  reaction.  Because  of  the  diminished 
effect  of  the  chlorine  and  the  probable 
importance  of  the  surface  pH  on  the  aged 
electrode,  the  bulk  fluid  pH  becomes 
important  in  determining  the  driving 
force  for  the  transport  of  hydroxyl  ions 
across  "thick*'  films  and  thus  shows  a 
stronger  relationship  to  the  overall 
corrosion  rate. 

Figures  5  and  6  present  comparisons 
of  the  statistical  model  predictions  of 
copper  corrosion  rates  on  fresh  and  aged 
surfaces  with  the  observed  corrosion 
rates.  The  data  set  used  for  comparison 
is  the  same  one  presented  in  Figure  3. 
Values  of  R7  for  these  subset  comparisons 
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are  0.72  and  0.81  respectively,  indicating 
a  good  fit. 

Conclusions 

The  Seattle  water  system  is  unusual 
because  of  its  extremely  high  quality 
water  sources  and  the  minima!  treat- 
ment provided  these  sources.  In  eval- 
uating the  results  of  this  study,  the 
character  of  Seattle's  water  sources— 
namely,  their  unusually  low  alkalinity 
and  buffer  capacity  and  their  extremely 
low  mineral  content— must  be  kept  in 
mind.  Extrapolation  from  the  Seattle 
corrosion  experience  to  water  sources  of 
higher  mineral  content  may  be  unsuc- 
cessful because  of  competing  chemical 
equilibriums.  The  major  conclusions 
that  can  be  drawn  from  this  study  are 
summarized  below. 

•  Seattle's  program  of  corrosion  con- 
trol through  pH  adjustment  and  al- 
kalinity addition  has  been  successful  in 
reducing  the  overall  rate  of  corrosion  on 
aged  copper  surfaces. 

•  Variation  in  corrosion  rates  can  be 
successfully  evaluated  as  a  function  of 
short-term  changes  in  water  quality 
conditions.  Regression  analysis  of  these 
variations  can  produce  linear  models 
that  accurately  predict  corrosion  rates. 

•  The  oxide  film  layer  on  the  aged 
copper  surface  provides  substantial  pro- 
tection. Compared  with  the  relatively 
clean  surfaces  of  new  copper  plumbing, 
the  oxide  film  of  an  aged  surface  reduces 
the  corrosion  rate  by  about  50  percent. 

•  Of  the  four  parameters  tested,  the 
free  chlorine  residual  is  the  most  im- 
portant in  predicting  copper  corrosion 
rates.  On  both  relatively  fresh  and  aged 
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surfaces,  the  variations  in  chlorine 
residual  accounted  for  more  than  50 
percent  of  the  overall  variation  in  copper 
corrosion  rate. 

•  On  the  waters  tested,  pH  is  a 
predictor  of  little  importance  for  corro- 
sion on  relatively  clean  copper  surfaces, 
but  it  is  of  value  on  surfaces  with  a 
heavy  oxide  layer.  This  may  indicate 
that  the  creation  of  a  hydroxyl  ion  trans- 
port limited  condition  is  facilitated  by 
the  presence  of  an  oxide  film. 

•  Conductivity  appears  to  be  of  little 
importance  as  a  predictor  of  copper 
corrosion  rates  in  low  alkalinity  waters. 
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The  Effects  of  Short-Term  Changes 
in  Water  Quality  on  Copper  and  Zinc 
Corrosion  Rates 

Al  Stone,  Dimitris  Spyridakis,  Mark  Benjamin,  John  Ferguson, 
Steve  Reiber,  and  Stein  Osterhus 


In  this  study  the  linear  polarizat.on  technique  wis  used  to  evaluate  changes  in  the  corrosion 
nt«  o  cop^  aid  z,nc  surfaces  in  response  to  short-term  changes  m  wa£  ***** 
rates  01  CDPJ*f  , .  ,  wnerever  uniform  corrosion,  as  opposed  to  pitting,  ts 

changes  in  water  quality. 


Over  at  least  the  past  10  years,  the  city 
of  Seattle.  Wash.,  has  been  faced  with 
the  problem  of  significant  corrosion  of 
household  plumbing.  A  relatively  high 
incidence  of  pipe  failures  and  consumer 
complaints  of  colored  water  led^the 
Seattle  Water  Department,  in  1975.  to 
initiate  a  study  of  the  causes  of  the 
corrosion  and  potential  mitigating 
strategies.' 

Seattle  obtains  its  water  from  two 
sources,  the  Tolt  and  Cedar  rivers,  both 
of  which  have  their  headwaters  near  the 
crest  of  the  Cascade  mountain  range. 
Although  the  water  from  both  sources  is 

very  Pure- the  study  indicatKi  that  the 
water,  particularly  from  the  Tolt.  was 
quite  corrosive,  as  a  result  of  low  values 
of  pH  (6.5-7.0)  and  alkalinity  (10-15  mg 
as  CaCO]/L).  After  chlorination  and 
fluoridation,  the  pH  declined  to  as  low  as 
6.0  and  the  alkalinity  to  <5  mg  as 
CaCO:/L. 

Exposure  of  metal  coupons  to  the 
distribution  system  water  confirmed  that 
the  rates  of  corrosion  for  copper.  line, 
lead,  and  iron  were  excessive,  and  a 
corrosion  control  program  was  imple- 
mented whereby  lime  and  soda  ash  were 
added  to  increase  the  pH  and  alkalinity 
of  water  in  the  distribution  system. 
Beginning  in  summer  1982.  the  US  Envi- 
ronmental Protection  Agency  (USEPA) 
funded  an  additional  study  to  evaluate 
the  effects  of  the  chemical  addition  on 
the  water  quality  and  corrosion  rates. 
One  objective  of  that  study,  the  results 
of  which  are  presented  here,  was  to 
evaluate  the  relative  importance  ot 
several  water  quality  parameters  in  the 
corrosion  of  fresh  and  aged  copper  and 
aged  zinc  (galvanized  iron)  surfaces  in 
low  alkalinity  waters. 

Theoretical  considerations 

Corrosion.  Corrosion  is  an  electrochem- 
ical process  in  which  metal  is  oxidized 
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and  an  electron  acceptor  (usually  oxygen 
[0:]  or  hydronium  ion  (H'D  is  reduced: 

Cuidition:  Ve*  -  M»"  *  «■" 

Reduction  of  02: 0,  +  4H*  ♦  4*"  -  2HXI 

Reduction  of  H-:2H*  +  «T-  H, 


After  removal  from  the  corrosion  rate 
monitor,  these  electrodes  showed  the 
effects  of  aging  and  film  growth. 

If  a  chlorine  (CI)  residual  is  present,  it 
may  also  act  as  an  electron  acceptor 

HOCl  +  H'  +  2t-  -  CI"  +  H,0 


place  at  sites  that  are  separated  spatially. 
The  reactions  are  linked  by  the  transfer 
of  electrons  through  the  metal.  Because 
the  reactions  involve  the  transfer  of 

electrons,  their  rates  are  dependent  on 
the  electrochemical  potential  of  the 
system.  The  relationship  between  the 
electrochemical  potential  and  the  rates 
at  which  electrons  are  released  (at  the 
anode)  or  consumed  (at  the  cathode)  is 
described  by  the  Butler-Volmer  equation: 

i  •  i*  \txvll\-8)  F* /  RT\-exvl-fFn'!!Tl\ 

in  which  n  =  overpotential  E-E":  £  = 
electrochemical  potential  at  the  elec- 
trode: £°  ■  equilibrium  potential,  i.e..  the 
potential  at  which  the  thermodynamic 
driving  force  for  the  reaction  is  zero;  i  - 
exchange  current  density,  i.e.,  the  elec- 
trical current  flowing  per  unit  area  ot 
electrode;  i'°  =  equilibrium  exchange 
current  density,  i.e..  the  value  of  i  when 
£  _  £o-«  fm  Faraday  constant;  R  -  gas 
law  constant;  T-  absolute  temperature; 
and  0  =  symmetry  factor,  a  constant 
characteristic  of  the  system. 

Two  equations  such  as  the  one  above 
are  applicable  in  each  system— one_at 
the  anode  and  one  at  the  cathode.  For 
fixed  solution  conditions,  there  is  a 
unique  value  of  E  such  that  electrons  are 
released  by  the  anodic  reaction  and 
consumed  by  the  cathodic  reaction  at 
equal  rates,  and  toward  which  the  system 
will  tend.  This  value  of  E  is  designated 
the  corrosion  potential.  E^  the  cor- 
responding current  density  is  designated 
and  is  called  the  corrosion  current. 


The  corrosion  process  sometimes  leads 
to  the  deposition  of  an  oxidized  film  on 
the  surface  of  the  corroding  metal.  In  the 
cases  of  zinc  and  copper,  oxides,  hydrox- 
ides, carbonates,  and  hydroxycarbonates 
of  the  corroding  metals  can  be  deposited. 
These  films  can  slow  corrosion  by 
protecting  the  underlying  layers  from 
contact  with  the  corroding  medium. 

As  in  all  chemical  reactions,  the  net 
•rate  of  each  of  these  reactions  is  deter- 
mined by  the  relative  rates  of  a  forward 
and  reverse  reaction.  Electrochemical 
reactions  are  unique  in  that  the  forward 
and  reverse  half-reactions  often  take 
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At  potentials  £  such  that  n  >  100  mV. 
one  of  the  exponential  terms  in  the 
Butler-Volmer  equation  is  negligible  and 

the  equation  reduces  to 

log i  -  log.11*   jlM-tf/VOJoatfrij  M 

in  which  ,4  =  0  or  1,  depending  on  which 
term  is  negligible.  The  proportionality 
constant  relating  n  and  log  i  is  called  the 
Tafel  slope  and  is  characteristic  of  the 
system. 

Linear  polarization.  The  process  used  to 


•WhOI  £'£'.  iht  rata  "'  *•  o»i*«wi  »"d  rrtuciwn 
reic:  ioni  >rr  «u»i.  «  bo  n«  tt  >cuon  occuf  •:  i'*  it  the  r"" 

raitoloildllKWirorrniiKtionlundn-lhtMCWiiliIionlindi! 
non-xero. 

A.  STONE  ET  AL 


<•> 


o 


r 


Figure  1.  Configuration  of  the  three-electrode  system  used  in  the  corrosion  rate 

monitor 
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Figure  2.  Potential  versus  current  responses  for  the  copper-oxygen  system  (1- 
anodic  oxidation  curve;  2—cathodk  reduction  curve) 
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determine  corrosion  rates  in  this  work, 
the  linear  polarization  technique,  was 
first  developed  by  Stern  and  Geary. :  The 
apparatus  used  involves  a  system  of 
three  electrodes,  all  made  of  the  metal  of 
interest  (Figure  15.  The  reference  elec- 
trode is  used  to  zero  the  system  before 
the  corrosion  rate  is  determined.  The 
remaining  two  electrodes,  the  auxiliary 
and  the  test  electrode,  provide  the  anodic 
and  cathodic  sites  for  the  corrosion  reac- 
tion. When  the  electrodes  are  initially 
exposed  to  the  solution,  their  potentials 
should  move  toward  the  corrosion  poten- 
tial. Each  electrode  will  have  anodic  and 
cathodic  sites  and  will  corrode  at  a  rate 
given  by  i"^  however,  this  current,  the 
quantity  of  interest,  is  not  directly  mea- 
surable. When  a  small  potential  differ- 
ence is  imposed  between  the  test  and 
auxiliary  electrodes,  one  becomes  pri- 
marily anodic  and  the  other  primarily 
cathodic.  and  a  measurable  current  flows 
between  them.  If  the  applied  voltage  is 
sufficiently  small,  this  current  can  be 
related  to  the  corrosion  current  by 

in  which  A£  =  applied  change  in  poten- 
tial. 4t  =  change  in  current  density 
resulting  from  the  applied  potential,  B, 
■  anodic  Tafel  slope,  and  Br=  cathodic 
Tafel  slope. 

In  reality,  nonhomogeneities  in  the 
electrodes  may  cause  a  small  potential 
difference  to  develop  between  the  elec- 
trodes and,  hence,  a  small  current  to 
flow,  even  in  the  absence  of  an  externally 
applied  potential.  This  current  is  sensed 
and  compensated  for  during  the  sub- 
sequent measurement.  If  a  known  .Ac  is 
applied  and  it  is  assumed  that  the  values 
for  the  Tafel  slopes  are  constant,  the 
above  equation  can  be  reduced  to 

it  -  <A")<I„J 

in  which  K  is  a  known  constant.  Thus 
thecorrosion  current  can  beobtained  by 
measuring  Si. 

Typical  potential  versus  current  re- 
sponses are  shown  for  anodic  and  ca- 
thodic half-reactions  in  Figure  2.  which 
also  shows  the  corrosion  potential  and 
current  for  the  overall  corrosion  reaction. 

This  discussion  and  the  derivation  of 
Stern  and  Geary'  are  based  on  the  as- 
sumption that  uniform  corrosion  is 
taking  place.  The  technique  is  well  suited 
for  copper  and  zinc,  the  metals  chosen 
for  this  study,  which  often  exhibit  uni- 
form corrosion  in  low  alkalinity,  aggres- 
sive waters  such  as  found  in  Seattle.  By 
contrast,  iron  and  steel  surfaces  typically 
corrode  nonuniformly .  forming  pits  over- 
grown by  tubercles  of  corrosion  products. 
Linear  polarization  corrosion  rates  in 
these  latter  cases  are  complex  functions 
of  system  geometry  and  must  be  inter- 
preted en  a  case-by-case  basis. 
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Materials  and  methods 

Equipment.  The  equipment  used  in 
these  experiments  was  housed  in  the 
USEPA  Mobile  Water  Quality  Monitor- 
ing Laboratory.  Table  1  lists  the  param- 
eters measured  and  the  instrumentation 
employed  in  each  analysis.  Calibration 
of  the  chemical  instruments  followed 
manufacturers'  recommendations  and 
procedures  in  Standard  Methods.3  The 
laboratory  contains  an  on-line  data 
acquisition  system  which  takes  a  reading 
from  each  experimental  instrument 
every  10  min  and  then  stores  the  data  on 
a  disk. 

Corrosion  rates  were  measured  using 
a  corrosion  rate  monitor  (CRM).*  which 
includes  three  sets  of  electrodes.  During 
a  data  acquisition  cycle,  the  system 
cycles  to  a  new  set  of  electrodes,  allowing 
30  s  for  equilibration,  followed  by  90  s 
during  which  the  corrosion  rate  is  deter- 
mined. At  the  end  of  the  2-min  cycle,  the 
results  are  stored  and  the  CRM  accesses 
the  next  electrode  assembly.  Since  corro- 
sion rates  were  monitored  for  both  anodic 
and  cathodic  A£s  using  three  sets  of 
electrodes,  a  total  of  six  rates  were 
measured,  with  each  rate  being  measured 
once  every  12  min. 

The  three  metal  surfaces  chosen  for 
the  study  were  fresh  copper  (Cu).  aged 
Cu.  and  aged  zinc  (Zn).  The  aged  Cu  and 
aged  Zn  electrodes  were  allowed  to 
corrode  in  ambient  Seattle  tap  water 
over  several  months.  Copper  and  zinc 
oxide  films  accumulated  on  the  aged 
electrodes.  The  thicknesses  of  the  con- 
tinuous films  were  approximately  50  jim 
and  1  mm  (2  and  39  mils)  for  the  Cu  and 
Zn  electrodes,  respectively.  The  response 
of  the  corrosion  rates  of  these  electrodes 
tochanges  in  waterquality  is  presumably 
similar,  at  least  in  a  qualitative  sense,  to 
that  of  older  home  plumbing  systems. 

Fresh  Cu  electrodes  were  used  in  a 
third  cell.  These  electrodes  were  removed 
from  the  cell,  and  much  of  the  accumu- 
lated film  was  removed  with  a  nonabra- 
sive  cleanser  and  cotton  swabs  before 
each  data  set  was  collected.  In  this  way. 
the  corrosion  rates  in  the  presence  and 
absence  of  the  long-term  growth  of 
oxidized  Cu  film  could  be  compared.  The 
rates  of  response  of  the  two  copper 
systems  to  water  quality  changes  were 
also  compared. 

During  normal  operation,  the  water 
flows  in  a  single  pass  through  the 
laboratory  instruments  and  then  is 
wasted.  For  these  tests,  the  flow  system 
was  altered  to  provide  for  recycling  in 
order  to  maintain  constant  waterquality 
conditions.  Water  of  the  desired  com- 
position was  stored  in  a  55-gal  (210-L) 
reservoir  (Figure  3)  and  was  fed  directly 
into  the  monitoringsystem.  The  effluent 
from  the  instrumentation  ceils  was 
collected  and  returned  to  the  storage 
tank,  from  which  it  was  recycled 
throughout  the  experiment. 
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TABLE  1 

Parameters  measured  and  equipment  used 


Parameter 

Unit  ol 
Measurement 

Temperature 

*C 

Flow 
pH 

gpm 

Conductivity 

mS/citi 

Turbidity 

ntu 

Dissolved  oxygen 

mg/L 

Total  chlorine  residual 

mg  as  CI/L 

Free  chlorine  residual 

mg  as  CI/L 

Corrosion  rate 

mils/year 

instrument  Used 


Model  R  25  Robot  Monitor."  Schneider  Instruments 

Inc.  Cincinnati.  Ohio 
CE  in-line  flowmeter.  ln-Val-Co.  Tulsa.  Okla. 
Combination  electrode,  part  of  Robot  Monitor.* 

Schneider  Instruments  Inc.  Cincinnati.  Ohio 
Conductivity  probe:  part  of  Robot  Monitor.* 

Schneider  Instruments  Inc..  Cincinnati.  Ohio 
Model  ABO-1  1-2-0  turbidimeter.  Great  Lakes 

Instrument  Co..  Milwaukee.  Wis. 
Model  8000  dissolved  oxygen  probe.  LC.  Nester  Inc. 

Millville.  NJ. 
Model  872  chlorine  residual  monitor.  Capital 

Controls  Co..  Colmar,  Pa. 
Model  871  chlorine  residual  monitor  Capital 

Controls  Co..  Colmar,  Pa. 
Model  M1Q00  corrosion  rate  monitor.  Petrolite  Inc.. 

Houston.  Texas 


•Robot  Monitor  Automatic  Water  Quality  Analysis  System 


TABLE  2 

Baseline  values  used  in  experiments 


Parameter 

Vaiue 

Temperature 

59°F(15°C) 

pH 

7.0 

Conductivity 

100w5/cm 

Turbiditv 

uncontrolled.  <2  ntu 

Dissolved  oxygen 

saturation 

Chlorine  residual 

Omg/L 

Flow  velocity 

o  6  cm.' 5 

TABLE  3 

Reproducibility  of  linear  polarization  results  for  replicate  measurements  made 
under  three  water  quality  conditions 


Parameter 

Teat  1 

Test  2 

Test  3 

Temperature — "C 

11.4  =  0.4 

12.6S  1.1 

15.5  +  3 

Flow— cm/t 

5.6  +  0.4 

5 JS  *  0.5 

54  rO.2 

pH 

7.0;  0.1 

6.6 1  0.6 

6.7  *  0.5 

Conductivity— vSrm 

167.0  ;  13 

90.8  *Z2 

6.2  +  0.5 

Turbidity — ntu 

1.4  ±0.3 

0.6  *  0.5 

0.8  *  0.7 

Dissolved  oxygen— mg/L 

12J+1.4 

9.1  +  0.5 

11.1*2.1 

Total  chlorine  residual— mgv  Cl/L 

0 

0 

0 

Corrosion  rate — pm/year 

Fresh  copper 

1.14  ;  0.17 

0.67;  0.13 

0  -33  +  0.05 

(15  percent) 

(19  percent) 

(15  percent) 

Aged  copper 

0.41 +  .07 

0.34  ;  0.04 

0.20  +  0.03 

(17  percent) 

(12  percent) 

(13  percent) 

Aged  line 

0.96;  0.36 

0.53  ;  021 

Q.24  ;  0.03 

(37  percent) 

(39  percent) 

(13  percent) 

t 


The  parameters  studied  were dissolved 
Oj,  CI  residual,  pH,  flow  rate,  tempera- 
ture, and  conductivity.  These  parameters 
were  chosen  because  they  are  expected 
to  influence  corrosion  rate  and  because 
some  are  affected  by  water  treatment, 
thereby  influencing  corrosion  rate.  Chlo- 
rine residual  was  adjusted  with  a  sodium 
hypochlorite  solution  and  was  all  in  the 
free  CI  form.  The  pH  was  adjusted  using 
sodium  hydroxide  or  hydrochloric  arid. 
Conductivity  was  adjusted  using  sodium 
chloride,  sodium  sulfate,  or  sodium 
bicarbonate. 

Tap  water  was  used  in  all  experiments 
except  for  those  evaluating  the  effect  of 
conductivity,  for  which  it  was  necessary 
to  use  glass-distilled  water  to  study  the 
extreme  low  conductivity  range.  Twenty 
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millilitres  of  a  saturated  sodium  sulfitej 
solution  was  added  to  each  batch  of  tajj 
water  to  assure  complete  reduction  ot 
any  CI  residual 

Experiments  usually  started  wit! 
fresh  water,  and  the  parameter  of  ir 
terest  was  adjusted  by  adding  appro-" 
pnate  chemicals.  For  all  cases  except 
conductivity,  data  from  several  days  andfc 
several  runs  were  combined  foranalysisH 
Insofar  as  possible,  parameter  changes 
were  made  so  that  increases  and  de- 
creases in  parameter  value  alternate 
during  a  series  of  tests. 

Concentrated  stock  solutions  were" 
prepared  with  reagent-grade  chemicals. 
Once  data  were  obtained  for  a  particular 
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water  quality,  an  aliquot  of  the  stock 
solution  was  added  to  change  the  param- 
eter of  interest.  All  other  parameters 
were  maintained  near  baseline  (Table  2). 
When  necessary  and  feasible,  additional 
chemicals  wereusec  to  maintain  baseline 
conditions. 

It  was  not  always  feasible  to  vary  only 
one  test  parameter  a:  a  time.  The  addi- 
tion of  some  chemicals  caused  not  only 
the  parameter  of  interest  to  change  but 
caused  other  baseline  values  to  vary  as 
well.  For  exampie.  when  conductivity 
was  varied,  the  addition  of  sodium 
bicarbonate  caused  the  pH  to  increase. 
In  other  tests,  temperature  slowly 
changed  toward  the  ambient  value.  In 
these  instances,  the  laboratory  monitor- 
ing system  was  used  to  track  the  water 
quality  parameters  of  interest.  The  data 
were  then  evaluated  statistically  to 
determine  the  relative  effects  of  variation 
of  incidental  parameters  on  the  corrosion 
rate.  In  all  cases  the  effect  of  the  experi- 
mental parameter  predominated  over 
the  effects  of  the  variation  in  another 
parameter,  such  as  temperature  or  pK 
drift.  Thus,  the  data  are  presented  with- 
out correction  for  such  drift. 

Corrosion  measurements  were  not 
recorded  until  stable  readings  were 
attained,  i.e.,  until  the  rates  remained 
constant  for  three  consecutive  readings 
(36  min).  Once  readings  were  begun,  a 
test  lasted  1-2  h.  Overall,  a  series  of  tests 
to  study  the  effects  of  a  single  water 
quality  parameter  was  completed  in  less 
than  3  h. 

Reproducibility  of  measurements.  At  least 
five  replicate  tests  were  conducted  at 
three  different  baseline  conditions  to 
determine  the  reproducibility  of  the 
corrosion  data.  The  results  were  accept- 
ably reproducible  under  each  set  of 
conditions  (Table  3).  The  Zn  system  was 
much  more  susceptible  than  the  Cu 
systems  to  random  fluctuations,  with 
the  relative  standard  deviation  in  mea- 
sured corrosion  rate  being  slightly  less 
than  40  percent.  For  both  copper  systems, 
the  relative  standard  deviation  was  <20 
percent,  a  value  similar  to  that  obtained 
in  coupon  tests  with  Seattle  tap  water. 

Results  and  discussion 

Dissolved  oxygen.  Oxygen  functions  as 
the  primary  electron  acceptor  in  many 
corroding  systems.  For  this  reason,  it  is 
possible  for  0;  to  be  the  rate-limiting 
reactant  and  for  an  increase  in  dissolved 
0;  to  substantially  increase  thecorrosion 
rate.  Dissolved  0;  in  a  water  supply  can 
vary  considerably,  depending  on  the 
water  source,  the  water  temperature, 
and  the  treatment  process  sequence. 

The  dissolved  O2  concentration  was 
varied  by  bubbling  gas  mixtures  of 
nitrogen  (Nj)  and  02  through  the  recir- 
culating reservoir  to  obtain  concentra- 
tions from  0  to  20  mg  02/L.  In  these 
experiments,  the  corrosion  rates  of  all 
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Figure  3.  Configuration  of  lest  equipment  added  to  the  Mobile  Water  Quality 
Monitoring  Laboratory 


Figure  4.  Corrosion  rateof  three  metal  surfaces  versus  dissolved  oxygen  faaseiine 
parameters:  temperature— 11.2 1 1.2°C;  flow— 5.4  ~  0.2  cm/s;  pH—7.00  X  0.07; 
conductivity— 149 1 22  pS/cm;  turbidity— 1.9  ±  0.7 niu;  CI  residual— 0  mg/Ll 


three  surfaces  increased  by  50-100 
percent  as  the  concentration  of  dissolved 
O;  increased  (Figure  4),  with  the  increase 
being  somewhat  greater  for  fresh  copper 
than  for  aged  copper  or  zinc.  The  results 
suggest  that  02  is  a  rate-determining 
reactant  in  the  corrosion  0:  both  Cu  and 
Zn.  The  results  are  consistent  with  the 
limitation  being  either  03  diffusion 
through  the  oxide  film  or  the  rate  of  the 
0;  reduction  reaction. 
The  significance  of  the  dissolved  0: 
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effect  in  Seattle  is  smail  because  the  0; 
concentration  is  always  near  saturation. 
The  results  indicate  that  corrosion  rates 
would  decrease  if  the  0?  concentration 
was  lowered  significantly. 

Free  ehiorine  residual.  Chlorine,  the 
disinfectant  of  choice  for  most  water 
systems  in  the  United  States,  is  a  strong 
oxidizing  agent  and  can  act  as  an  electron 
acceptor  in  the  corrosion  process.  Atlas 
et  al'  reported  that  CI  had  a  greater 
effect  on  Cu  corrosion  than  did  dissolved 
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Figure  5.  Corrosion  rate  of  three  metal  surfaces  versus  chlonne  residual  (baseline 
parameters:  temperature-  12.S  t  G.9°C;  flou—5.8  ±  0.1  cm/s;  pH-7.0  ±  0.5: 
conductivity-39  ±  22  nS/cm:  turbidity-0.3 1  0.02  ntu) 


Fieure  6.  Corrosion  rate  of  three  metal  surfaces  versus  pH  (baseline  parameters: 
tempercture-15.2  ±  0.8?C:  /low-5.5  t  0.2  cm/s:  turbidity-0.6  ±  0.2  ntu: 
dissolved  0^-10.3  ±  0.5  mg/L.  CI  residual-0  mg/L) 


Q*  In  the  current  experiments,  when  CI 
residual  was  varied  using  sodium  hypo- 
chlorite and  sodium  sulfite,  the  CI 
residual  influenced  the  corrosion  rate  of 
Cu  considerably  but  had  almost  no  effect 
on  the  corrosion  rate  of  Zn  (Figure  5). 

The  change  in  corrosion  rate  for  the 
Cu  svstems  was  roughly  the  same  with  1 
Big  free  CI  residual/L  or  with  10  mg 
dissolved  0-/L.  Although  the  corrosion 
rates  for  the  Oj  and  CI  tests  are  not 
directly  comparable  because  conductiv- 
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ities  differed,  it  appears  that  both  oxi- 
dizing agents  significantly  affect  Cu 
corrosion  rates  and  that  Oj  has  a  greater 
effect  on  Zn  corrosion  rate  than  does  CI. 
To  put  these  rates  in  a  different  per- 
spective, a  Cu  corrosion  rate  of  20 
pra/year  corresponds  to  the  transfer  of 
1.5  x  10-*  ^electron  equivalents/cm2-day 
for  conversion  of  Cu(rn)  to  Cu2"*,  or  3.1  x 
10"3  electron  equivalents/L-day  in  0.75- 
in.  (20-mm)  copper  tubing.  If  all  the 
oxidizing  capacity  were  provided  by  free 
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CI.  the  CI  would  be  depleted  at  a  rate  of 
0.038  mg/L-min.  The  corresponding 
value  for  (^depletion  is  0.017  mg/L-min. 
At  such  a  rate,  all  the  free  CI  in  a 
distribution  water  could  be  consumed 
after  a  few  minutes  of  exposure  to 
household  plumbing.  Because  of  the 
higher  concentration  of  O;  in  source 
waters  and  its  lower  rate  of  consumption, 
depletion  of  all  the  03  in  distribution 
water  would  take  several  hours  to  a  few 
days.  For  corrosion  of  iron .  the  depletion 
rates  would  beslightly  different  (because 
of  the  difference  in  densities  and  equiva- 
lent weights  of  Cu  and  iron)  but  com- 
parable. In  the  larger-diameter  pipes  of 
the  distribution  network,  depletion  rates 
would  be  approximately  an  order  of 
magnitude  slower. 

These  calculations  provide  a  perspec- 
tive on  corrosion  rates  from  the  view- 
point of  oxidant  depletion,  a  viewpoint 
that  is  rarely  considered  explicitly. 
Although  the  actual  corrosion  rates  in 
distribution  and  household  plumbing 
may  be  lower  than  20  pm/year,  espe- 
cially in  the  presence  of  a  protective  film, 
this  value  is  reasonable  for  new  plumb- 
ing materials  and  for  older  materials 
that  lack  significant  scale  deposition. 
Under  such  conditions,  corrosion  reac- 
tions can  readily  deplete  a  disinfectant 
residual  in  small-diameter  pipes  with 
intermittent  flow. 

pH.  Seattle's  corrosion  control  program 
includes  the  increase  of  the  pH  and 
alkalinity  of  the  water.  As  expected,  the 
corrosion  rate  decreased  as  the  pH  was 
increased  (Figure  6).  When  the  pH  was 
increased  from  6  to  8,  the  corrosion  rate 
of  fresh  Cu  decreased  by  almost  50 
percent,  which  approximates  the  change 
being  effected  by  Seattle's  chemical 
addition  program.  The  corrosion  rate  of 
aged  Cu  decreased  by  an  even  larger 
fraction  over  the  same  pH  range.  How- 
ever, there  was  almost  no  change  in  the 
corrosion  rate  of  the  zinc  electrode  over 
the  entire  pH  range  studied  (5.0-9.0). 

Flow  rate.  The  flow  rate  through  a 
home  plumbing  system  can  vary  consid- 
erably, depending  on  the  time  of  the  day  | 
and  other  factors.  An  increase  in  corro-^ 
sion  rate  with  increased  flow  rate  might 
be  expected  because  of  a  lowering  of  the 
diffusional  resistance  in  the  liquid  layer  Wk 
near  the  pip4  wall.  Initially,  when  lowfl 
flow  rates  were  studied  in  the  CRM 
sample  cell,  no  change  in  corrosion  rate 
with  flow  was  found  (Figure  7).  A  modi- ' 
fied  cell  was  then  constructed  in  a  pipel 
section,5  and  measurements  were  made 
at  flow  rates  one  hundred  times  greater 
(Figure  8).  Again,  there  was  no  change  in  I 
corrosion  rate  with  increasing  flow.  It] 
was  impossible  to  obtain  a  sufficient!;, 
high  flow  to  produce  a  significant  change 
in  corrosion  rate,  suggesting  that  diffu-i* 
sion  of  reactants  or  products  though  the! 
liquid  film  was  not  rate  limiting  within* 
the  range  of  flows  investigated. 
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Temperature.  The  water  temperature 
in  the  Seattle  area  fluctuates  from  a  low 
of  about  41°F  (5°C)  in  the  winter  to  a 
high  of  68°F  (20°C)  in  the  summer. 
Experiments  wereconducted  over  much 
of  this  range  by  heating  or  cooling  the 
water  in  the  recirculating  reservoir. 
Results  presented  in  Figure  9  show  that 
for  the  aged  surfaces  a  substantial 
change  in  corrosior.  rate  occurred  with 
an  increase  in  temperature.  The  corro- 
sion rate  increased  by  about  50  percent 
when  the  temperature  changed  from  50 
to  77°F  (10  to  25°C).  There  is  too  much 
scatter  in  the  results  for  fresh  Cu  for  a 
trend  to  be  discerned. 

To  some  extent  corrosion  may  be  a 
seasonal  problem.  As  the  temperature 
increases,  so  do  the  rates  of  the  chemical 
oxidation  and  reduction  reactions  in- 
volved in  corrosion.  The  formation  and 
dissolution  rates  of  the  oxides  as  well  as 
their  equilibrium  solubility  also  change 
with  temperature.  In  addition,  the  trans- 
port rateof  products  and  reactants  across 
the  interface  increases  as  temperature 
increases.  The  greater  the  supply  of 
reactants,  the  greater  would  be  the 
dissolution  of  the  pure  metals  and  the 
greater  the  corrosion  rate.  Although  the 
overall  effect  of  temperature  was  clear 
for  corrosion  of  Zn  and  aged  Cu,  it  was 
not  possible  to  identify  the  critical  step 
that  was  being  affected. 

Conductivity.  Three  ions  were  selected 
for  study:  chloride  (C1-).  sulfate  (S042-), 
and  bicarbonate  (HCOj").  Data  were 
collected  for  each  salt  as  the  conductivity 
was  incrementally  increased  from  very 
low  values  to  near  1000  >jS/cm.  The 
results  of  two  complete  sequences  for 
changes  in  SO*2-  and  CI*  and  one  se- 
quence for  changes  in  HCCy  are  pre- 
sented in  Figures  10-12. 

In  all  cases  the  corrosion  rate  increased 
with  increasing  conductivity,  although 
the  relative  rate  of  change  for  the  Cu 
electrodes  diminished  at  conductivities 
of>100-200>S/cm.  It  was  found  that  for 
a  given  conductivity,  the  corrosion  rate 
was  always  greatest  with  CI-  and  least 
with  HCCy.  The  effect  of  SO<2-  seemed 
to  mimic  that  of  CI"  with  the  aged 
electrodes  and  that  of  HCCy  with  the 
cleaned  eiectrode. 

For  the  CI-  and  S042-  salts,  the  pH 
increased  steadily  from  about  6.3  to  7.0 
during  the  experiments.  The  pH  change 
probably  reduced  moderately  the  effects 
of  conductivity.  For  the  HCCy  a  more 
pronounced  increase  in  pH  was  expe- 
rienced (6.3  to  7.9),  which  may  have  had 
a  larger  damping  effect  on  the  corrosion 
rates  at  high  conductivities  than  that 
found  with  CI-  and  SO<2-  ions.  If  correc- 
tions were  based  on  the  pH  effects  in 
Figure  6,  the  corrosion  rates  at  low 
conductivity  would  be  unchanged  and 
the  rates  at  high  conductivity  would  be 
increased  by  20-30  percent  or  more.  The 
effects  of  HCCy  were  of  particular 
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Fipire  7.  Corrosion  rate  of  three  metal  surfaces  versus  flow  rate  (baseline 
parameters:  temperature —12. 2  i  O.TC;  pH—7.3  ±  0.1;  conductivity— 55  ±  6 
liS/cm;  turbidity— 0.63 ±  0.03  ntu; dissolved  0?-10.5±  0.2  mg/L  CI  residual— 0 
mg/L) 
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Figure  8.  Corrosion  rate  of  two  metal  surfaces  versus  flow  rate  (baseline 
parameters:  temperature— 15  ±  0.7 "C;  pH—7.1  ±  .06:  conductivity— 115  ±  12 
nS/cm;  dissolved  0: — saturated;  CI  residual — 0  mg/L) 
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Figure  9.  Corrosion  rate  of  three  metal  surfaces  versus  temperature  (baseline 
parameters: flow— 5.7 ±  0.8 cm/s; pH—7.0±  0.05: conductivity— 80 ±44  uS/cm; 
turbidity-0.9  *  0.5  ntu;  dissolved  07—9.6  ±  0.85  mg/L  CI  residual— 0  mg/L} 
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Figure  10.  Corrosion  rate  of  aged  zinc  versus  solution  conductivity  for  three  ions 
(baseline  parameters:  temperature— 11. 1-18.2°C:  flow— 5.4-5.8  cm/s:  pH—6.2- 
7.8:  turbidity— 0.18-  0.8  ntu;  dissolved  O-r— 10.2-11.3  mg/L;  CI  residual— 0 

mg/L)     ■ 
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interest  because  increased  alkalinity  is 
sometimes  equated  with  increased  cor- 
rosion resistance.  Although  this  may  be 
valid  if  the  effects  of  alkalinity  are 
primarily  to  buffer  the  pH  near  the 
surface  or  to  cause  precipitation  of  a 
protective  carbonate  film,  or  both,  the 
present  results  emphasize  that  in  some 
circumstances  the  dominant  effect  of 
adding  alkalinity  may  be  to  increase 
corrosion  by  increasing  conductivity. 

The  results  are  not  amenable  to  simple 
interpretation,  either  for  varying  con- 
centrations of  a  single  ion  or  for  com- 
paring the  effects  of  the  different  ions.  A 
wide  range  of  interactions  may  occur 
between  the  anions  and  parts  of  the 
corroding  system.  Besides  increasingthe 
concentration  of  charge  carriers  in  the 
interfacial  region,  any  of  these  ions  may 
adsorb  onto  the  film  or  the  corroding 
metal  surface  and  change  their  structure 
or  charge-transfer  rates.  Furthermore. 
HCO3'  may  precipitate  in  the  interfacial 
region  or  may  alter  the  corrosion  rate  by 
buffering  the  interfacial  pH.  Further 
study  is  needed  before  the  importanceof 
each  mechanism  involved  can  be  under- 
stood and  quantified. 

Summary  and  conclusions 

The  corrosion  rate  of  common  plumb- 
ing materials  was  investigated  as  a 
function  of  physical  and  chemical  water 
quality  characteristics.  For  the  systems 
studied,  changes  in  dissolved  03,  con- 
ductivity, and  temperature  had  a  mod- 
erate effect  on  the  corrosion  rate  of  both 
Cu  and  Zn,  whereas  pH  and  CI  residual 
affected  Cu  corrosion  rates  but  not  those 
of  Zn.  Increases  in  conductivity  up  to 
about  200  pS/cm  increased  Cu  corrosion 
rates  significantly  but  generally  had  less 
effect  at  higher  values.  Zinc  corrosion 
rates  increased  with  conductivity  up  to 
1000  pS/cm.  For  equal  conductivities, 
corrosion  rates  were  greater  in  systems 
with  CI-  than  in  systems  with  HC03'; 
SO/"  had  an  effect  equivalent  to  CI- on 
aged  Cu  and  Zn  electrodes  but  equivalent 
to  HCO3-  on  fresh  Cu.  Flow  rate  had 
almost  no  effect  on  the  corrosion  rate  of 
either  metal. 

Aged  and  fresh  Cu  electrodes  re- 
sponded in  a  qualitatively  similar  man- 
ner tochanges  in  water  quality,  although 
different  corrosion  rates  were  reached. 
Fresh  Cu,  lacking  a  thick  protective 
oxide  film,  corroded  at  a  much  greater 
rate  than  did  aged  Cu.  The  results 
suggest  that  both  transport  of  reactants 
through  an  oxide  film  and  the  reaction 
rates  at  the  interface  exert  control  over 
corrosion  rates  in  tap  water.  Because  the 
aged  Cu  surface  is  more  representative 
of  Cu  tubing  in  homes,  most  water 
distribution  systems  should  be  at  least 
partially  protected  from  a  high  corrosion 
rate  by  their  oxide  film. 

Zinc  corrosion  rates  appeared  to  re- 
spond less  dramatically  to  changes  in 
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Figure  11.  Corrosion  rate  of  aged  copper  versus  solution  conductivity  for  three 
ions  (baseline  data  identical  to  those  in  Figure  10) 
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water  quality,  other  than  conductivity, 
than  those  of  Cu.  This  may  have  been  a 
result,  at  least  partially,  of  the  relatively 
thick  oxide  film  that  developed  on  the  Zn 
electrode. 

The  linear  polarization  technique 
appears  to  be  a  reliable  method  for  moni- 
toring nearly  instantaneous  changes  in 
corrosion  brought  about  by  changes  in 
water  quality.  The  fact  that  linear 
polarization  gives  these  values  within 
hours  instead  of  months  (the  typical 
duration  of  coupon  tests)  is  a  major 
advantage  of  the  analytical  technique. 
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AWWARF  Code  #:  US- 16 


Project  Title: 


Radon  in  Well  Supplies:   Occurrence  and  Removal 


Contact   (name  of  person,  organization. 

address, 

tei ephone)  : 

Ramon   G.    Lee 

Director,    Research    &    Technology 

American  Water  Works   Service  Co. 

Inc. 

1025   Laurel   Oak   Road 
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(609)   346-8335 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

EPA  has  classified  Radon  as  a  cancer  causing  substance. 
The  primary  risk  from  exposure  to  Radon  arises  from  inhalation 
of  the  gas,  some  of  which  originates  as  a  result  of  the  trans- 
fer from  drinking  water  to  indoor  air.   EPA  estimates  that  Rador 
liberated  from  drinking  water  consititutes ,  on  average,  only 
2  to  5  percent  of  the  indoor  air  Radon  level. 

In  preparation  to  achieve  compliance  with  the  forthcoming 
regulations,  an  analytical  Radon  survey  of  well  supplies 
throughout  the  American  Water  Works  System  was  performed.   The 
survey  was  designed  to  determine  the  levels  of  Radon  in 
individual  well  supplies  and  to  provide  an  assessment  of  the 
effects  of  existing  treatment  and  operating  Dractices  on  Radon 
levels. 

The  range  of  detected  Radon  concentrations  in  377  well 
supplies  (15  states)  across  the  American  System  was  <100  pCi/L 
to  4853  pCi/L.   The  systemwide  mean  Radon  concentration  was 
686  pCi/L  and  the  median  Radon  concentration  was  320  pCi/L. 

Aeration  was  found  to  be  very  effective  in  the  removal 
of  Radon  from  drinking  water.   Packed  tower  aerators  achieved 
greater  than  9  5  percent  reduction  while  conventional  tray 
aerators  attained  greater  than  75  percent  reduction  in  Radon 
concentrations. 

This  report  presents  the  results  of  the  Radon  Survey  and 
in  addition,  provides  pertinent  information  on  the  sources  and 
characteristics  of  Radon;  the  health  effects  associated  with 
exposure  to  Radon;  analytical  techniques  for  the  measurement 
of  Radon,  and;  EPA's  approach  to  regulating  Radon  in  Drinking 
Water. 
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Project  Tule: 


A  Study  of  Possible  Economical  Ways  of  Removing  Radium  from 
Drinking  Water 


Contact  (name  of  person,  organization,  address,  telephone) 


Richard   P.    Lauch,   Environmental   Engineer 

Inorganic    and    Particulate   Control    Branch 

Drinking    Water  Research   Division 

Water   Engineering   Research   Laboratory 

U.S.    EPA 

Cincinnati,   OH  46268,    USA 
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Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

The   primary  objectives    of    this   study  were    to   determine   the  variables 
that    control    the    removal    of   radium   during    the    iron   and   manganese    re- 
moval  process   and    to   evaluate   the   possibility  of   exploiting   these 
factors    to    provide   an    inexpensive   means    of    removing    radium,    using 
existing    or  modified   iron   removal    facilities.      This    study   investiga- 
ted   how  water   chemistry   influences   Ra-226   sorption   to   iron  and 
manganese   oxides    and  sorption   to   filter   sand. 
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Operating  ana  cost  data  (including  data  on  efficiency,  results,  etc.): 

Batch  studies  using  freshly  precipitated  iron  oxides,  formed  in  the 
laboratory,  showed  that  sorption  of  radium  from  typical  groundwaters 
would  result  in  maximum  removal  of  10  to  20%  and  would  usually  be 
much  less.   Radium  removals  obtained  by  freshly  precipitated  hydrous 
manganese  oxides  in  batch  studies  were  much  greater  than  those  ob- 
tained in  systems  containing  only  iron  oxides. 

Filter  sand  has  a  potential  capacity  to  sorb  a  significant  concen- 
tration of  radium  at  typical  hardness  concentrations  if  the  capacity 
is  maintained  by  periodically  rinsing  the  sand  with  a  dilute  acid. 


Placets)   of  installation/application  (including  dates): 

This   research  was  conducted  during  1983  to    1986  at  the  University 
of  Iowa   Hygienic  Laboratory,   Iowa  City,   Iowa   and   Pilot  Plant  at 
Oxford,   Iowa. 
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STUDY  OF  RESIDUALS  MANAGEMENT  AT  WATER  TREATMENT  PLANTS 


Contact  (name  of  person,'  organization,  aaaress,  teiepnone) 


Richard   P.    Lauch,   Environmental   Engineer 
Inorganic   and   Particulate   Control    Branch 
Drinking   Water  Research  Division 
Water   Engineering   Research   Laboratory 
Cincinnati,   OH  45268,    USA 
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Project  Description  (Please  attacn  a  schematic  diagram  if  appropriate) 

A  full   scale  well  water   treatment   plant    for  a  small    community  was 
evaluated    for   radium  removal.      The   plant   consists   of   iron   removal, 
using   aeration,    filtration  and  settling;    hardness  and   radium   re- 
moval,  using   ion   exchange;    and   radium  removal    from  the  waste   brine 
using   the  Dow  Radium  Selective  Complexer  (RSC)>      The   purpose   of 
this    research   was    to   determine    the   effectiveness    of   each  stage    for 
radium   removal. 
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Operating  and  cost  data   (including  data  on  efficiency,   results,   etc.) 

Results   showed    that  very  little   radium  was   removed   across   the   iron 
removal    process.      Radium  was   removed    to  concentations   below  the  MCL 
with  ion  exchange    and   as   expected,    hardness   broke    through   before 
radium.      Greater   than  99%   of   the   radium  was   removed    from   the   waste 
brine    by   the  R.SC. 


Place(s)   of  installation/application   (including  dates): 
The   research  was   performed   from   1984   to   1987. 

The  water   treatment   plant  was  located  at: 
Redhili    Forest  Homeowners   Association 
Hartsel,    CO. 


Patent  staus,   if  app'Ticaole: 

NONE 


Other  information  (e.g.,   funding  source,  cooperating  agencies,  etc.): 

The  Drinking   Water   Research  Division  Project   Officer  was   Richard 
P.    Lauch  and   the   project  was  conducted  as   a  cooperative   agreement 
with   the  Redhill   Forest  Association,   Hartsel,    Colorado.      The   Princi- 
pal  Investigator  was    Dr.    Kenneth   A.    Mengelson   of  Rocky   Mountain 
Consultants,    Denver,    CO. 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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EMERGING  HATES  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:   US -19 


Project  line: 

Selective   Removal    of    Radium   from   Drinking    Water 


Contact  Iname  of  person,  organization,  aoaress,  teiepnone): 

Richard  P.  Lauch,  Environmental  Engineer,  Inorganic  and  Particulate 
Control  Branch,  Drinking  Water  Research  Division,  Water  Engineering 
Research   Laboratory,    U.S.    EPA,    Cincinnati,    0H45268.      Tel   513-569-7237 


Project  Description  (Please  attacn  a'scnematic  diagram  u  appropriate) 

Manganese  dioxide   coated   filter   sorbers   were   tested   for   removing 
radium   from  waters    that   contained   high   and   low  hardness   concen- 
trations . 


us-io: 


Operating  and  cost  data   (including  data  on  efficiency,   results,  etc.) 

A  ten-inch   Mn09    filter   sorber,    treated   800   ft     of   water   containing 
high  hardness   and    reduced   the   radium   concentration   from  37  pCi/L   to 
below   Maximum  Contaminant   Level    ( MCL)   of   5   pCi/L.      Another   ten-inch 
MnOo    filter   sorber   treated   1000   ft      of   water  containing   low  hardness 
and    reduced   radium   from   13   pCi/L   to   below  the  MCL.      Testing   also 
showed   some    sorption   of  other  metals   including   cadmium,   calcium, 
cesium,   chromium,   cobalt,    iron,   manganese,   and  sodium. 

The   filters   were  coated   by  circulating  a   hot   KM11O4   solution   through 
the    filters.      Testing  showed   that   no   acrylic   fiber  or  manganese  were 
leached   off   the   filter   into   the   product  water. 


PI 

ace(s) 

of 

installation/application  (including  dates) 

Manganese 

dioxide   filter  sorber 

testing  was 

conducted 

between 

1984   a 

nd 

1986  at 

North  Carolina 

State   University, 

Rale 

igh,    N.C.  , 

Highla 

nd 

Park,   N. 

C.   and  Gateway 

Mobile   Home 

Park, 

N.C. 

Patent  staus,  if  applicable: 


NONE 


Other  information  (e.g.,   funding  source,  cooperating  agencies,  etc.) 

The  Drinking  Water  Research  Division  Project  Officer  is  Richard  P. 
Lauch  and  the  project  is  being  conducted  as  a  cooperative  agreement 
with  North  Carolina  State  University,  Raleigh,  N.C.   The  Principal 
Investigator  at  North  Carlina  State  University  is  Dr.  Edward  P. 
Stahel. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 


US- 108 


EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  4:      US-2Q 


Project    [itle: 


Radon  Removal   Techniques  for  Community  Water  Supplies 


Contact  (name  of  person,  organization,  address,  telephone) 


Kim    R.    Fox,    Drinking   Water    Research   Division,    Water   Engineering 
Research   Laboratory,    U.S.    EPA,    Cincinnati,   OH  45268.      Tel:    (513) 
569-7820 


Project  Description  (Please  attach  a  scnematic  diagram  if  appropriate): 


This   project   will   evaluate   the   practical   application  of    two    techniques 
for    removing   radon   from  drinking  water;    granular   activated   carbon   treatment 
and   aeration  (diffused   and  packed   tower).      Recent   studies   have  demonstrated 
the    feasibility  of  both   treatment   techniques    for   removing   radon   from  single 
family   homes,    but   this   research   project  will  study   the  application   to   a 
larger   central    treatment   plant.      The   treatment    processes   will   be   installed 
in    two   small    communities   having    central   water   systems.      One   community   will 
install   parallel   systems  of   GAC  and   aeration   treating   a  drinking  water  with 
>100,000  pCi/L   radon.      The   other   small    community   will    install  GAC  and   aera- 
tion  for   treating   the  water  with         40,000  pCi/L   radon.      The   project   will 
evaluate    treatment   efficacy,   costs,   operation  and  maintenance,   and   the 
design   aspects   of   upgrading   a   small   community  central    treatment   plant.      The 
U.S.    EPA  is  mutually  interested   in   the   results   of   this   study   to  increase 
the  data   base   for   future   regulations   regarding   the   setting   of  an  MCL  for 
radon.      The   state  of   New  Hampshire   has  an   urgent  need   to  study   these   treat- 
ment   techniques   for   radon  removal    because  many   bedrock  wells   in  that   state 
have   experienced   radon  gas   levels   of   10,000  to   100,000  pCi/L. 

In   addition   to   the   original  work   above,    this    project  has   been   ex- 
panded   to   look  at   low  cost/low  technology   aeration  techniques    for  radon 
removal   and   to  look  at    point-of-entry  application   for   radon  reduction  in 
a    home. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 
An  economic  analysis  will  be  conducted  Co  compare  the  construction, 
operation  and  maintenance  costs  in  relation  to  specific  radon  gas 
concentrations,  water  system  demands  and  other  possible  variables. 
The  analysis  will  define  thresholds  of  key  parameters  (for  example, 
radon  concentration  or  system  demand)  at  which  the  cost-effectiveness 
of  a  treatment  technique  might  change. 


Place(s)  of  installation/application  (including  dates): 
State  of  New  Hampshire  —  University  of  New  Hampshire 

Two  sites  have  been  selected  in  New  Hampshire  in  the  vicinity  of  the 
University.   9/1/85  -  5/30/88 


Patent  staus,  if  applicaole: 

NONE 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

Cooperative  Agreement:   U.S.  EPA  and  New  Hampshire  Water  Supply  and 

Pollution  Control  Commission,  CR812602 

Principal  Investigator:   Harry  Stewart,  State  of  New  Hampshire 

Project  Officer:   Kim  R.  Fox,  U.S.  EPA,  WERL 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:    US-21 


Project  Title: 
Jar-Filter  Coagulant  Test 


Contact  (name  of  person,  organization,  address," telephone) : 


David  Hendricks 
Engineering  Research  Center 
Colorado  State  University 
Fort  Collins,  CO  80523 
(303)  491-8273 


Deborah  R.  Brink 
or      AWWA  Research  Foundation 
6666  W.  Quincy  Avenue 
Denver,  CO  80235 
(303)  794-7711  ext.  6011 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

The  conventional  jar  test  is  not  applicable  to  low  turbidity  waters,  e.g., 
those  having  turbidity  levels  <1  NTU  because  the  additional  coagulants  do 
not  form  settleable  floes.  Low  turbidity  waters  have  been  neglected,  how 
ever,  as  a  concern  in  filtration  research  and  practice  because  already  thej 
meet  drinking  water  standards.  The  Giardia  problem  has  resulted  in 
attention  on  the  filtration  problems  of  these  water. 

The  jar  filter  test  is  comprised  of  the  addition  of  six  bench  scale  filter; 
to  use  in  conjunction  with  the  jar  test.  The  research  has  prescribed  a 
standard  design  and  standard  procedures  for  the  test,  and  has  documented 
its  validity  by  comparisons  with  pilot  plant  data. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

The  bench  scale  filters  are  small  columns  about  5  cm  diameter  by  about  60 
cm  long,  filled  with  media  from  the  operating  full  scale  filters.  The 
results  give  L-shaped  or  U-shaped  turbidity  dose  curves  that  correspond 
approximately  with  pilot  plant  results. 


Place(s)  of  installation/application  (including  dates): 

No  known  installations  through  the  Las  Vegas  filtration  plant  has  used  sucfi 
a  set-up  for  many  years  (learned  subsequent  to  completion  of  research). 


Patent  staus,  if  applicable 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

Colorado  State  University  Experiment  Station. 
Work  done  in  conjunction  with  EPA  project  1981-84. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  j:   US-22 

PROJECT  DESCRIPTION 


Project  Title: 
Rapid  Rate  Filtration  of  Low  Turbidity  Waters 


Contact  (name  of  person,  organization,  address,  telephone) 


David  W.  Hendricks,  Ph.D.,  Professor 
Engineering  Research  Center 
Foothills  Campus 
Colorado  State  University 
Fort  Collins,  CO  80523 
(303)  491-8273 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

Rapid  rate  filtration  of  low  turbidity  waters,  i.e.  waters  having  turbidity 
levels  <1.0  NTU,  has  not  been  given  attention  in  filtration  research  or 
practice  until  the  G i a rd i a  cyst  problem  appeared  on  the  scene.  In  usual 
practice,  the  filtration  of  low  turbidity  waters  was  given  only  token 
attention  since  the  input  turbidities  already  were  less  than  the  1.0  NTU 
drinking  water  standard  and  any  filtration  resulted  in  some  improvement. 
The  problem  had  three  elements:   (1)  perception  that  a  problem  existed,  (2) 
having  a  measurement  of  filtration  efficiency,  and  (3)  determining  how  to 
effectively  -"ilter  low  turbidity  water. 

Results  of  EPA  sponsored  research  at  Colorado  State  University,  1981-84, 
showed  that  removals  of  _>  70  percent  turbidity  or  £  0.10  NTU  turbidity 
resulted  in  effective  filtration  to  give  >  99.9  percent  Giardia  cyst 
removal  and  >  99.9  percent  coliform  removal,  when  raw  water  turbidities 
were  about  0.5  NTU.  Efficient  filtration  could  occur,  however,  only  when 
coagulation  was  "optimum,"  which  required  selection  of  coagulants  and 
determination  of  dosages  to  give  effective  filtration. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

The  cost  of  using  effective  coagulants  at  optimum  dosages  is  more  expensiv 
than  the  practice  of  using  no  chemicals  or  "token"  chemical  coagulation. 
Without  "proper"  coagulation,  however,  the  capital  investment,  i.e.  the 
filtration  plant,  is  wasted. 


Place(s)  of  installation/application  (inducing  dates): 
Several  filtration  plants  are  employing  "proper"  chemical  coagulation. 


Patent  staus,  if  applicable: 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

EPA  sponsored  research  at  Colorado  State  University,  1981-84. 

AWWARF  sponsored  research  at  Colorado  State  University. 

Cooperating  organizations  were  CH2M  Hill,  City  of  Fort  Collins,  Colorado 

Health  Department. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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IIS-23 
EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #: 


PROJECT  DESCRIPTION 


Project  Title: 

Design  and  Operation  Guidelines  for  the  Optimization  of  the  High  Rate 
Filtration  Process 


Contact  (name  of  person  ,~ organization ,  address,  telephone) 

John  L.  Cleasby,  Ph.D.,  Professor 

Civil  Engineering  Department 

Iowa  State  University 

492  Town  Engineering  Bldg. 

Ames,  IA  50010 

(515)  294-4978 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

Through  an  initial  survey  of  the  design  and  operational  characteristics  of 
existing  rapid  rate  filtration  plants  currently  able  to  consistently  pro- 
duce a  high  quality  effluent,  e.g.  turbidity  less  than  0.1  ntu,  the  invest- 
igators will  identify  key  parameters  that  contribute  directly  to  filtration 
effectiveness.  Pilot  plant  research  to  further  evaluate  and  quantify  the 
effect  of  these  parameters  on  finished  water  quality  will  then  be  per- 
formed. Survey  and  pilot  scale  research  results  will  be  validated  through 
incorporation  of  the  operation  and  process  design  results  into  full-scale 
plants.  This  research  will  result  in  the  development  of  guidelines  for  the 
design  and  operation  of  surface  water  high  rate  filtration  plants  capable 
of  consistently  producing  high  quality  finished  water.  Guidelines  for 
modifying  existing  plant  processes  and  operations,  as  well  as  for  the 
design  of  new  treatment  facilities  will  be  included,  along  with  estimates 
of  the  attendance  costs. 

The  project  commenced  in  August  1987  and  will  continue  through  August  1989 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 


Place(s)  of  installation/application  (including  dates) 


Patent  staus,  if  applicable: 


Other  information- ("e.g.,  "funding  source,  cooperating  agencies,  etc.) 

$175,000  AWWARF  funding 

$109,000  Iowa  State  University  and  Bohon  and  Menk,  Inc. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:    uo  ^ 


PROJECT  DESCRIPTION 


Project  Title: 
Biological  Denitrification  of  Groundwater 


Contact  (name  of  person,  organization, 

address , 

telephone) : 

Mr.  Richard  W.  Hansen 

General  Manager/Chief  Engineer 

Three  Valleys  Municipal  Water  District 

P.O.  Box  1300 

Claremont,  CA  91711 

(714)  621-5568 

Project" Description  (Please  attach  a  schematic  diagram  if  appropriate): 

This  project  will  evaluate  the  use  of  fluidized  bed  reactors  for  biological 
denitrification  of  drinking  water  at  both  the  pilot-  and  full-scale  level 
(see  attached  schematic).  Optimal  operational  criteria,  process  reliabil- 
ity, and  operator  requirements  will  be  determined.  Extensive  water  quality 
testing  of  the  process  effluent  will  be  undertaken.  Economic,  design,  and 
performance  results  for  the  fluidized  bed  system  will  be  compared  to  those 
obtained  from  a  rotating  biological  contactor  system  treating  identical 
water. 

The  project  began  June  1,  1987  and  will  continue  until  January  31,  1989.  A 
final  report  on  the  project  is  expected  to  be  available  by  mid-1989. 
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Operating  and  cost  data   (including  data  on  efficiency,   results,   etc.): 
Not  available  at  this   time. 


Place(s)   of   installation/application    (including  dates): 
Three  Valleys  Municipal   Water  District,  Claremont,  CA 


Patent  staus,   if  applicable: 


Other  information  (e.g.,   funding  source,  cooperating  agencies,   etc.): 

$80,000  AWWARF  funding 

$74,000  Three  Valleys  Municipal   Water  District  and  Engineering-Science, 
Inc. 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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FLU  I DI ZED  BED  REACTOR 
PARAMETRIC  TEST  PHASE 

SYSTEM  CONFIGURATION  FOR  UPFLOW  COLUMNS 
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FLUIDIZED  BED  REACTOR 
PROOF  TESTING  PHASE 

SYSTEM  CONFIGURATION  FOR  UPFLOW  COLUMNS 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:   US-25 


Project  ntie:"Use  of  Membrane  Technology  to  Remove  Organics  from  Small 
Systems"  -  A  cost  and  performance  evaluation  of  membrane  technology  (ultra- 
filtration) to  remove  organics  from  small  systems  serving  less  than  10,000' 
copulation. 


Contact  (name  of  person,  organization, 

aoaress , 

telephone) : 

Dr.  James  S.  Taylor,  P.E. 

CEES  Department 

The  University  of  Cencral  Florida 

Orlando,  Florida  32816 

(305)  275-2785 

• 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 
Phase  I:(l)Locate  water  utilities  in  Florida  serving  less  than  10,000  popul- 
ation with  substantial  THM  problem,  (2) Evaluate  sites  and  select  one  ground- 
water and  one  surface  water  site,  (3)Conduct  bench-scale  studies  to  select 
appropriate  membrane  and  establish  pretreatment  necessary  to  maintain  ade- 
quate membrane  flux  for  long-term  operation,  (4)Develop  detailed  work  plans 
for  conduct  of  long-term  pilot-scale  studies. 

Phase  II:  Collect  cost  and  performance  data  from  the  lOgpm  pilot-scale  mem- 
brane system  for  approximately  one  year  at  each  of  the  two  selected  sites. 
Also,  investigate  options  for  the  disposal  of  reject  waters  at  each  site. 

Phase  III:  Prepare  final  project  report  and  project  summary.   Prepare  journal 
articles  on  selected  portions  of  the  project  for  submission  to  peer-reviewed 
journals. 


US-121 


\> 


Operating  ana  cost  data  ( including  data  on  efficiency,  results,  etc.): 
As  of  July  15,  1987,  the  pilot-scale  system  has  operated  for  3500+  hours 
(non-continuous)  at  the  groundwater  test  site.   Permeate  flow  averaged  7.6 
gpm  and  recovery  averaged  73  percent  during  this  period.  Average  values  for 
other  parameters  (raw,  finished,  percent  rejection)  include: 

Total  Dissolved  Solids:  578  mg/L,  121  mg/L,  79% 

Total  Hardness:  355  mg/L,  32  mg/L,  91% 

Calcium  Hardness:  312  mg/L,  35  mg/L,  89% 

Alkalinity:  328  mg/L,  34  mg/L,  90% 

Color:  30  cpu,  2  cpu,  93% 

Dissolved  Organic  Carbon:  10.9  mg/L,  2.1  mg/L,  81% 

Total  Organic  Halide 

Formation  Potential:  1,000  ug/L,  37  ug/L,  96% 

Trihalome thane 

Formation  Potential:  455  ug/L,  22  ug/L,  95°l 

Cost  data  have  not  been  evaluated  at  this  point  in  the  project. 


Place(s)  of 

installation/ app 

lication  (including 

dates) : 

Groundwater  test  site:  Flagler 

Beach, 

Florida 

(Nov. 

1986  - 

Oct. 

1987) 

Surface  Water 

test  site:  Punta 

Gorda, 

Florida 

(Nov. 

1987  - 

Oct. 

1988) 

Patent  staus,  if  applicaDle: 

N/A        -  ■ 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

Project  is  a  Cooperative  Agreement  funded  by  the  USEPA,  Water  Engineering 
Research  Laboratory,  Drinking  Water  Research  Division,  Cincinnati,  OH  45268 
EPA/WERL/DWRD  Project  Officer  is  J.  Keith  Carswell,  (513)569-7389. 

Data  reported  above  are  considered  preliminary  and  subject  to  revision. 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  f:    US-25 

UPDATE  ON  SELECTED  AWWARF  ACTIVITIES 

Health  Effects/Toxicological  Research 

In  1987,  the  Research  Foundation  took  its  first  steps  into  health  effects 
research  by  sponsoring  some  evaluative  studies.  The  primary  purpose  of 
this  initial  effort  is  to  provide  the  water  industry  with  basic  information 
and  understanding  of  the  regulatory  development  process.  The  areas  under 
study  include  a  review  of  the  health  effects  basis  of  federal  drinking 
water  regulations,  specifically  lead,  trihalomethanes,  and  disinfection 
by-products.  The  purpose  of  this  review  is  to  examine  the  toxicologica1 
basis  for  certain  regulatory  decisions  to  ensure  that  the  best  scientific 
judgment  has  been  used  in  making  decisions.  The  contract  to  conduct  these 
studies  was  awarded  to  Dr.  Robert  Golden,  Karch  and  Associates,  Washington, 
D.C.,  and  initial  results  on  the  lead  study  are  expected  June  1988. 

Program  activities  in  toxicological  research  will  be  refined  and  modified 
as  the  Research  Foundation  becomes  more  sensitized  to  the  needs  of  the 
water  industry  and  gains  a  better  appreciation  of  the  intricacies  of 
toxicological  research. 

Comprehensive  Assessments  -  Definition  of  Research  Needs 

In  1987,  the  Research  Foundation  initiated  a  series  of  studies  called 
comprehensive  assessments  to  be  used  as  a  planning  tool  by  the  Foundation 
in  the  development  of  future  research  goals  and  projects.  The  project 
involves  the  selection  of  a  number  of  topical  areas  and  researchers  to 
develop  state-of-the-art  reports,  identify  research  gaps,  and  determine 
research  needs  in  each  area.  From  a  lengthy  list  of  potential  topics,  the 
following  six  were  selected  for  study:  Biological  Treatment;  Ozone; 
External  Corrosion;  Systems  Control;  Microbial  Contaminants;  and 
Radiochemicals.  Principal  investigators  were  selected  because  of  their 
acknowledged  expertise  in  the  selected  area.  Three  assessments  have  been 
completed  (3iological  Treatment,  External  Corrosion,  and  Radiochemicals) 
and  executive  summaries  are  included  in  this  workbook. 

In  1988,  additional  assessments  will  be  conducted  in  the  following  areas: 
Oxidation,  GAC  Adsorption,  Membrane  Processes,  Disinfection  By-Products, 
Water  Reuse,  and  Polymer  Use  in  Water  Treatment. 
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ExzcunrE  summary 

This  iiterature  review  was  conducted  co  obtain  a  better  undemanding  of  the  application 
oi  biological  processes  in  drinking  water  treatment  and  to  identify  aeeded  research.  3io logical 
processes  offer  the  potential  to  remove  pollutants  of  concern,  men  as  biodegradable  organic, 
synthetic  organic  compounds,  ammonia,  nitrate,  iron,  and  manganese,  that  may  not  be 
effectively  removed  by  conventional  water  treatment  practice.  The  oxidation  of  organic  matter 
and  ammonia  through  biodegradation  would  minimi?:-  microbial  regrowth  in  the  distribution 
system,  reduce  taste  and  odors,  and  decrease  the  amount  of  precursor  available  to  react  with 
chlorine  and  form  halogenated  organics.  Removal  of  certain  contaminants  biologically  couid 
extend  the  service  time  or  capacity  of  subsequent  physicschemicai  processes.  The  practice  in 
CLS.  water  treatment  is  often  to  preclude  development  of  biological  activity  by  prechlorination, 
rigorous  scouring  of  filter  media,  and  frequent  regeneration  of  granular  activated  carbon 
(GAC).  Practical  experience  with  media  containing  microbial  activity  in  Europe  has  been 
favorable  and  cost-effective,  however,  biodegradation  in  these  engineered  processes  was  often 
not  the  main  objective  and  was  not  optimized.  Consideration  of  biological  process  fundamentals 
and  further  research  should  lead  to  better  performance. 

Laboratory  studies  have  demonstrated  that  bacteria  can  grow  on  the  low  concentrations 
of  organic  matter  present  in  drinking  water,  and  these  oligotrophs  have  the  potential  to 
achieve  very  low  effluent  concentrations  of  biodegradable  organic  matter.  The  use  of  biofilm 
reactors  is  advantageous  for  drinking  water.  Accumulation  of  microorganisms  as  biofiims  offers 
a  reliable  means  to  retain  the  organisms  within  the  reactor  and  maintain  a  long  biomass 
retention  time.  Relatively  small  process  volumes  are  possible  by  the  combination  of  high 
biomass  retention  time  with  low  Liquid  detention  time.  Trace  contaminants  can  be  utilized  by 
bacteria  supported  with  higher  concentrations  of  another  substrate.  Organic  micropoflutants, 
such  as  phenol,  chlorinated  benzenes,  and  halogenated  aiiphatics.  were  effectively  removed  in 
laboratory-scale  biofiims  by  this  process  of  secondary  utilization.  Microbial  growth  occurred 
through  utilization  of  natural  organic  material  or  acetate  supplement  (1  mg/L). 

Practical  experience  with  TOC  removal  in  pilot  and  full-scale  drinking  water  treatment 
processes  is  with  reactors  of  the  biofilm  type  that  include  biological  filters,  fluidized  bsas, 
microbiaiiy  active  GaC,  and  ground  passage.  Significant  reductions  in  total  organic  carbon 
(TOO  have  been  achieved  over  a  long  period  of  time.  Removal  of  many  chlorinated  benzenes 
and  aromatic  hydrocarbons  at  trace  concentrations  occurred  during  dune  infiltration,  soil 
aquifer  treatment,  and  in  an  expended  GaC  column.  The  combination  of  biodegradation  and 
adsorption  in  the  latter  system  is  advantageous  to  increase  stability  and  reliability  throughout 
variations  in  operating  conditions.  GaC  with  microbial  activity  is  also  a  feasible  approach  to 
retrofit  a  biological  process  into  a  conventional  facility. 
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Ammonia  ia  drinking  water  serves  as  a  substrate  CO  promote  regrowth.  combines  with 
chorine  to  form  chloranunes,  and  is  a  source  of  taste  and  odors.  Nitrification  processes  have 
excellent  poteacal  to  remove  ammonia,  a  long  biomass  retention  time  must  be  maintained  to 
achieve  low  ammonia  levels.  Successful  removal  of  ammonia  occurred  ia  European  plans  using 
reactors  with  hign  specific  surface  area.  Nearly  complete  mtriflcation  of  ammonia  was 
observed  in  flmdized-bed  biofllm  reactors.  The  superior  performance  of  the  fluidized  bed  is 
achieved  througn  the  evea  distribution  of  the  biofilm  throughout  the  reactor  while  the  liquid 
regime  has  plug-How  caaracterisdcs.  A  system  that  combines  nitrification  with  heterotrnpaic 
oxidation  of  organic  also  appears  advantageous.  Laboratory  research  has  demonstrated  that 
organic  products  formed  by  metabolism  of  aiffiflers  can  serve  as  primary  substrate  for  aerobic 
heterotrophs.  Several  trace  organic  compouads  were  utilized  by  the  heterotrophs. 

Nitrate  contamination  is  becoming  a  frequent  problem  in  agricultural  regions.  Addition  of 
a  carbon  source  to  stimulate  denitrincation  is  a  possible  method  to  remove  nitrate.  Laboratory 
and  full-scale  fluidized-bed  reactors  have  achieved  a  high  degree  of  nitrate  removal.  The 
Freach  have  reported  success  with  a  denitriilcation  filter  using  ethanol  as  the  carbon  source. 
Post  treatment  consisted  of  saad  filtration,  contact  with  GaC.  and  disinfection.  In-siru  nitrate 
removal  by  denitrification  in  groundwater  holds  promise  so  that  above-ground  treatment  is  aot 
required.    Hydrogen  gas,  hydrogen  sulfide,  elemental  sulfur,  thiosulfate.  and  sulfite  are 
currently  being  examined  as  possible  electron  donors  for  reduction  of  nitrate  utilizing 
innovative  approaches  involving  autotrophic  denitriilcation. 

L-on  and  manganese  are  an  aesthetic  concern  in- drinking  water  and  serve  as  electron 
donors  for  aerobic  bacteria.  Microbial  oxidation  of  iron  and  manganese  to  insoluble  forms  is  an 
alternative  to  chemical  oxidation  or  aeration  used  in  conventional  treatment.  Reductions  in 
iron  and  manganese  attributed  to  microbial  activity  were  observed  in  rapid  and  slow  sand 
filters,  a  fluidized-bed  reactor  designed  for  nitrification,  GaC  columns,  and  3round  passage. 

The  performance  and  reliability  of  biological  processes  and  their  abiiity  to  produce  safe 
water  are  major  concerns.  Application  of  basic  concepts  can  improve  reliability  and 
performance  and  frequent  monitoring  is  essential  for  maintenance  of  product  water  quality. 
iCaowiecge  of  the  health  effects  of  microbial  products  formed  in  biological  processes  and  their 
impact  on  post  treatment  processes  is  presently  inadequate.  Excess  carooa  source  in 
denitrification  would  iacrease  TOC  levels.  Nitrite  accumulation  in  nitrogen  removal  processes  is 
also  undesirable.  Biological  processes  also  release  microorganisms  through  sloughing  and  erosion 
of  attached  biomass  that  may  influence  disinfectant  demand  and  serve  as  an  inoculum  in 
distribution  systems.  Evidence  suggests  the  released  bacteria  are  generally  non-pathogenic. 

Biological  processes  should  be  one  of  the  First  unit  operations  in  drinking  water 
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treatment  and  be  followed  by  a  series  of  physicochemical  processes.  This  increases  reliability 

and  provides  multiple  barriers  to  remove  microorganisms,  microbial  products,  and  nitrite  that 

aiay  be  produced.  Further  research  is  important  to  provide  improved  knowledge  at'  the 

suitability  of  biological  processes  in  dnnking  water.  Some  of  these  researca  needs  include: 

— Tae  performance  of  fiuidiaed-bed.  sand  nitration,  ground  passage,  submerged  fixed-bed,  and 

microbiaily  active  GaC  reactors  for  TCC  removal,  nitrification,  denitrifkation,  and  iron  and 

manganese  removal  at  low  concentrations  characteristic  of  drinking  water  aeeds  to  be 

optimised. 

—Simple  reactors,  ways  to  retrofit  existing  n-earment  plants,  and  innovative  treatment 

technologies,  such  as  autotrophic  denitrification.  in-situ  treatment  for  contaminated 

groundwaters,  systems  with  combined  adsorption  and  biodegradation,  systems  with  heterotrophs 

and  aitrifiers.  and  systems  with  nitrification  and  iron  and  manganese  oxidation  need  to  be 

developed. 

—Research  efforts  are  needed  to  determine  the  kinds  of  contaminants  in  drinking  water 

amenable  to  biological  treatment,  the  kinetics  of  oligotrophic  processes,  and  the  environmental 

conditions  required. 

—A  better  understanding  of  the  carbon  source  and  dose  for  denitrificatioa,  kinetics  of  nitrate 

removal,  and  factors  controlling  nitrite  accumulation  is  needed. 

—Further  characterization  of  substrate  and  nutrient  concentrations  that  promote  regrowth  in 

distribution  systems,  the  ability  of  biofilm  reactors  to  remove  these  substances,  and  the  impact 

of  organic  materials  with  slow  biodegradation  rates  that  pass  through  biological  treatment  on 

regrowth  is  needed. 

—Research  to  determine  factors  controlling  formation  of  microbial  products,  characteristics  of 

the  material  (biodegradabiiity,  adsorbability.  etc.),  the  impact  on  subsequent  unit  operations, 

reactivity  with  chlorine  and  other  disinfecants,  the  need  for  post-treatment,  and  potential 

health  effects  of  this  material  is  desirable. 

—Studies  are  needed  to  characterise  the  importance  of  bacteria  released  from  biological 

processes,  their  impact  on  disinfection,  and  their  potential  as  an  inoculum  in  distribution 


systems. 


US-123 


I 
I 


i 
i 

i 
l 
i 
1 
1 


ST^NAL   CORROSION    IN  WATER  DISTRIBUTION  SYSTEMS 
ASSESSMENT  OF  RESEARCH  NEEDS 


Prepared  by: 

D.   Kelly  O'Day,   P.E. 

Peer  Svstems ,    lac . 

Philadelphia,    PA     19107 


1  Prepared  for: 

i 


awwa  Research  Foundation 

665  6  West  Quincy  Avenue 

Denver,  CO   3  0235 


October   153" 


W.O.    Nc.    3097-01-01 

2056W  US-129 


z.rzcrrrn  sth£iary 


mrsoDocnoN 

Corrosion  has  been  estimated  to  cost  approximately  $180  billion 
in  1936.   It  has  been  further  estimated  that  approximately  $70 
billion  of  this  loss  could  be  saved  by  the  application  of  known 
corrosion   control   technology.    These  estimates   include   all 
metallic  structures,  not  just  underground  water  facilities. 

Corrosion  control  of  underground  pipelines  has  a  long  historv 
which  some  investigators  have  dated  to  over  4,500  years  ago". 
Corrosion  control  engineering  in  a  modem  sense  started  in  the 
early  1900s  with  efforts  to  protect  buried  cas  and  water  lines*. 
A  aa:cr  study  was  conducted  by  the  National  Bureau  of  Standards 
Starting  in  19I0  to  investigate  the  causes  of  stray  electric 
ca — Kit  corrosion  and  the  problems  this  was  presenting  to  water 
utilities  _n  the  early  190Cs.  These  orobiems* were  caused  by  th« 
introduction  of  electrified  transit  systems. 

It  was  not  until  the  early  1920s  that  the  3ureau  concluded  that 
serious  corrosion  occurred  on  underground  structures  not  subject- 
ed to  stray  currents.  Further  research  was  initiated  in  the  '2Qs 
to  understand  the  causes  of  underground  corrosion.   Cathcdic 


protection  for  underground  pipelines  was  first  reccrted  in  the 
"r.icac  States  in  1923.   The  development  of  the  corrosion  orotec- 


oo  whair  underground  corrosion  research  in  1943.  In  1967,  t_, 
Cast  Iron  Pipe  Research  Association  (now  Ductile  Pipe  Research 
Association)  developed  a  soil  corrosivity  rating  method  for  case 
iron  and  ductile  iron  pipe. 

The  history  of  corrosion  engineering  is  imrortant  because  the 
understanding  of  the  causes  and  co'nurcis  for  ccr-os'on  vera 
developing  during  the  period  that  many  utilities  in  the  United 
States  installed  hundreds  of  thousands  of  miles  of  gray  cast  iron 
isd  steel  and  later  ductile  water  mains.  Hanv  of  these  lines* 
were  designed  without  corrosion  control  because  the  ondaratandinc 
or  corrosion  was  limited. 

C53SGSI0N  AND  -ATZR  MAIN  EZTZRICRATICN 


-— art  is  a  aiacac  sat  of  opinions  in  the  literature  conceminc  the 
role  of  corrosion  in  water  main  deterioration.  Zr:  tha  cna  Stand, 
ccrrsa.cn  engineers  often  cencluda  that  corrosion  is  the  orinarv 
cause  c:  water  rain  breaks.   This  corrosion  causes  a  weakening  of 
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the  pipe  wall  which  results  in  ultimate  leakage  cr  failure.  The 
other  view  is  that  corrosion  is  not  a  particularly  serious 
problem  and  that  only  a  small  proportion  of  soils  in  the  United 
States  can  be  rated  as  highly  corrosive.  It  is  likely  that 
corrosion  is  acre  serious  than  viewed  by  many  investigators  and 
is  possibly  less  critical  than  viewed  by  some  corrosion  engi- 
neers. After  review  of  the  literature  and  interviews  with  water 
utility  representatives,  it  is  the  author's  judgment  that  corro- 
sion problems  ars  acre  serious  than  recognised  by  many  water 
utility  engineers  and  that  improvements  need  to  be  made  in 
controlling  corrosion  of  water  distribution  systems . 

The  Philadelphia  Water  Department,  the  Boston  Water  and  Sewer 

Commission,  the  Washington  Suburban  Sanitary  commission,  and 
others  have  begun  corrosion  measurement  programs  to  collect 
samples  of  water  mains  and  to  measure  the  depth  of  corrosion. 
Results  to  date  indicate  that  many  pipe  walls  have  lest  anywhere 
from  zero  to  40  percent  of  their  wall  thickness  over  the  life  of 
the  main.  There  are  significant  variations  in  the  extant  of 
corrosion  which  are  attributable  to  differences  in  soil 
conditions,  design  practices,  and  other  factors. 

REPORT* OVZRVTZW 

This  repcrt  has  addressed  the  literature  that  is  available  on 
external  corrosion  and  has  presented  an  assessment  of  research 
into  underground  corrosion.  Based  upon  this  review,  a  proposed 
external  research  agenda  has  been  prepared. 

External  Ccrrcsjcr.  -  The  Basics 

There  are  two  primary  types  of  corrosion  in  -water  distribution: 
galvanic  corrosion  and  electrolytic  corrosion.  3cth  forms  of 
corrosicn  include  the  flow  of  direct  electrical  current  within  a 
corrosion  cell;  the  distinction  is  in  the  scurca  of  the  current. 
Galvanic  corrosion  involves  direct  currant  which  is 
self -generated  within  the  cell,  while  electrolytic  corrosion 
involves  the  flow  of  an  externally  generated  direct  currant 
through  the  cell . 

Galvanic  Corrosion 

Galvanic  corrosion  in  a  water  distribution  system  includes 
corrosion  which  can  result  from  the  connection  of  two  distinct 
materials  such  as  a  copper  service  line  to  a  gray  cast  iron  main. 
These  dissimilar  metals  will  generate  a  galvanic  corrosicn  call 
which  will  cause  ratal  loss  at  the  cast  iron  rain.  Galvanic 
corrosion  calls  can  also  be  developed  on  a  uniform  pipe  natarial 
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when  there  are  differences  in  soil  characteristics  surrounding 

the  pi?e.  As  an  example,  differences  in  oxvgen  concentraticr 
between  the  tap  of  the  pipe  and  the  bcttam  of  the  oipe  can  cause 
a  galvanic  corrosion  cell  which  will  generate  a  ioss'o^  aeta1  c 
the  main. 

Electrolytic  Corrosion 

Electrolytic  corrosion  can  occur  when  a  DC  current  is  impressed 
oxiwo  a  main.  The  corrosion  will  occur  at  the  location  where  the 
current  leaves  the  main  and  returns  hack  to  its  original  circuit 
Sources  of  stray  DC  current  to  water  utilities  include  migration 
a*  current  from  a  transit  system  as  well  as  the  inte-'e-ence 
which  can  be  caused  when  other  utilities  have  cathodic  svstems  *to 
profeact  their  mains.  This  interference  can  cause  the  migration 
o.  DC  current  onto  a  water  main  and  eventual  corrosion  o*  the 
water  main  where  the  current  returns  back  to  the  original 
cathodic  protection  system.  "--s-na- 

SVALUATING  SOIL  C3RRCSTVTTY  CONDITIONS 

Soil  plays  an  important  role  in  galvanic  corrosion.   The  three 

roj.es  include:  *•***« 


i 


2. 


The  soil  can  provide  electrochemical  differences  which 
deve.cp  a  galvanic  corrosion  call. 

Soil  properties  control  the  rate  of  corrosion. 

3.    Soil  properties  control  the  duration  of  corrosion  and 
eventual  depth  of  corrosion. 

Tie  technical  literature  shows  that  soil  corrosivity 
ra.ative.y  veil  understood.  The  princioal  measures  of  potsntial 
soil  corrosivity  include  soil  resistivitv,  oE,  sulfide  ox^datio- 
redox  potential,  and  soil  moisture.  The  water  ^ustrv  ta5 mES 
a~.e  to  cevelop  procedures  to  ciassifv  soils  as  *  to  thsS 
potential  corrosivity  rating.  *  ' —  — 

;;-!;-!,.  rfS   bfsn  1^2±z—      progress   in   developing   oredictive 

r2-"— -;3f  to  estimate  the  extent  and  severitv  of  *  co s'on 

::;Tr,1S  IikjjY  to  occur  based  upon  various  soil  conditions.  ~At 
r;rf  t~?®  *cif  <==rrcsivity  can  be  qualitatively  rated  as  mere  or 

-_So  i^jcsiy  wo  cause  corrosion.   The  inabiiitv  to  orsd t**« 

ceptr.  and  extent  of  corrosion  liaits  cur  ability  to  eva"ua-e  ths 
economic   -race-off   between   al-amative   corrosion  ^cntrc^ 

-r ^as  a..-  cur  inaoi_ity  zo  assess  the  rerits  es  thsss 

ze_.   £s — gators  nave  oeen  aole  cc  quantifv  uhe  life 
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expectancy  of  a  pipeline  to  its  failure  based  upcn  soil 
characteristics ;  however  considerably  more  work  is  needed  in  this 
area  to  ensure  that  we  have  a  reliable  method  for  predicting  the 


1'*a    a  water  main. 


CORROSION  CONTROL  RZSZARCH  NZZDS 


Xn  developing  a  corrosion  control  research  agenda,  there  are  two 
key  issues  which  should  be  recognized  by  the  Research  Foundation 
nanely: 

1.  Water  utilities  need  to  improve  methods  of  corrosion 
control  for  existing  buried  mains.  This  is  desirable 
so  that  the  utilities  can  prolong  the  life  of  existing 
facilities  to  the  maximum  extent  economically  practi- 
cal. 

2 .  Water  utilities  need  to  develop  improved  meihods  of 
evaluating  soil  conditions  and  economic  trade-offs  of 
alternative  corrosion  control  programs. 

Two  water .  utility  corrosion  control  programs  have  been  briefly 
reviewed  to  document  the  success  that  these  utilities  have  had  in 
implementing  corrosion  control  programs.  In  both  cases,  the 
benefit/cos-  ratio  for  implementing  corrosion  control  orograms 
was  significant. 

The  author  found  that  many  utilities  have  either  no  corrosion 
control  program  or  a  very  miner  corrosion  control  program.  This 
is  unfortunate  because  external  corrosion  is  a  significant 
problem  in  many  cases.  A  series  of  research  projects  are 
proposed  to  improve  water  utilities '  capabilities  for  maintaininc 
existing  water  systems  and  for  designing  and  building  new 
systems . 
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This  assessment  of  recent  and  current  research  summarizes  the  findings  of  work 
performed  by  Lowry  Engineering.  The  effort  was  aade  with  the  help  of  Sylvia 
3.  Lowry,  Environmental  Engineer,  and  a  graduate  student  at  the- University  of 
Maine,  hichael  Gray.  In  addition,  numerous  professional  colleagues  offered 
information  and  advice  to  nake  the  report  as  coaplete  as  possihle.  The 
project  was  sponsored  by  the  AWA  Research  Foundation. 

The  objective  of  the  assessaent  is  to  identify  research  needs  based  upon  the 

nost  recent  and  current  data  available.   To  aake  the  report  acre  coaplete, 

background  information  is  provided  to  support  the  acre  recent  and  current 

information.    The  fcllowing  is  a  summary  of  the  tonics  described  ia  taa 

complete  report. 

SECTION  1:  Background 

The  concern  for  radionuclides  in  drinking  water  has  increased  dramatically  in 
recent  years  as  the  media  has  covered  the  issue  of  radon  in  the  indoor  air  of 
-ones.  It  has  also  risen  as  a  result  of  current  activity  by  the  E?\  in 
preparation  for  the  setting  of  new  hXL's  for  the  radionuclides. 

This  section  provides  background  information  about:  1)  radiation  physics;  2) 
naturally  occurring  and  man-aade  radionuclides;  3)  associated  health  concerns; 
4)  technologies  for  removing  radionuclides  from  drinking  water;  and  5) 
existing  regulations. 

SECTION  2:  Listing  of  Recent  and  Current  Research 

Tva-ty  research  and/or  demonstration  projects  are  identified  in  this  sec-- -a 
:he^pro;ect  title,  sponsor,  objectives*  statu*,  and  bindings  are  gives  ihe-e 

appiioanle.  The  projects  range  from  those  documenting  the  occurrence  ia 
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drinking  water  fee  ones  dealing  with  the  implications  and  problems  associated 
vita  disposal  and  discharge  of  renoved  radionuclides.  The  projects  are 
sponsored  by  private  coapames,  water  utilities,  and  state  "and  federal 
agencies. 

S2C7IQH  3:  Assessment  of  Recant  and  Current  Research 

The  areas  of:  1)  Occurrence;  2)  Impact;  3)  Treataent  Processes;  and  4) 
Disposal  are  discussed  in  this  section,  as  they  pertain  to  the  assessment  of 

the  recent  and  current  research  on  radionuclides  in  drinking  water. 

The  latest  occurrence  data  clearly  indicate  that  the  real  issue  of 
radionuclides  in  drinking  water  is  centered  on  the  very  small  public,  the  non- 
community  non-transient,  and  the  private  household  'ground  water  supplies. 
With  few  exceptions,  there  is  less  exposure  in  the  larger  ground  water  and  in 
the  surface  water  supplies. 

Radca-222  is  expected  to  have  the  greatest  iapact  on  the  water  supply  field; 
however,  this  iapact  is  speculative  at  this  time  due  to  the  unknown  value  for 
the  future  XCL.  .  An  analysis  for  various  MCL  levels  is  given  for  the  aost 
important  radionuclides:  Rn-222,  Ra-225  and  223,  and  II. 

.  Treataent  technologies  are  available  to  effectively  remove  problem 
radionuclides  from  either  saall  or  large  water  supplies,  and  it  appears  that 
these  processes  are  relatively  economical.  A  few  of  these  technologies  are 
somewhat  unique  and  are  discussed  in  detail.  These  include  GAC 
adsorption/decay,  the  radium  complexer,  high  capacity  anion  exchange,  and 
processes  for  radium  removal  designed  to  use  existing  conventional  treatment 
plants. 

The  problems  we  face  with  radionuclide  removal  from  drinking  water  appear  to 
be  the  most  challenging  in  the  area  of  radiation  buildup  on  resin,  GAC,  and  in 
waste  streams.  In  addition,  the  discharge  of  Rn-222  from  stripping  towers 
will  likely  cause  concern  in  some  states.    This  section  identifies  these 

potential  problems  and  discusses  their  implications. 

SZCTICN  4:  Conclusions  and  Research  Usad* 

The  final  section  of  the  assessment  identifies  the  needs  for  research,  wfa-ch 
aadress  the  areas  of:  1)  Occurrence;  2)  Impact;  3)  Treatment  Processes;  and*4) 
Disposal.  In  general,  radionuclides  in  drinking  water  have  received  little 
attention  as  a  result  of  few  JiCL's  or  limited  enforcement  of  exist-ag  !£Cl"s" 
Resources  have  been  few  and  thinly  spread  among  a  number  of  topics  that  appear 
to  neea  additional  study.  Here  documentation  at  existing  treataent  plants 
could  provide  needed  iaforaation  relatively  quickly  to  the  water  utility  field 
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CONCLUSIONS  AND  RESEARCH  NEEDS 

This  section  details  the  conclusions  and  the  related  needs  for  research  and 
investigation  for  radionuclides  in  drinking  water.  The  information  is  baaed 
upon  the  aacanal  presented  and  analyzed  in  the  preceding  sections.  It  is 
also  based  upon  many  conversations  and  communications  with  professionals  in 
the  field  who  helped  compile  the  information  in  this  assessment.  These 
individuals  are  listed  in  the  Appendix. 

cfflc&ssxosa 

1.  The  naturally  occurring  radionuclides  of  the  ««fl  decay  series,  namely 
229 Ra,  "=Rn,  and  0  are  responsible  for  the  overwhelming  majority  of  the 
radiation  exposure  associated  with  drinking  water.  Ra-223  is  also  found  at 

significant  levels  in  some  cases. 

2.  Rn-222  represents  the  most  serious  health  risk  for  radionuclides  in 
water,  through  its  slight  contribution  to  the  indoor  air  «2Rn  levels  in 
hemes.  As  a  result,  it  is  anticipated  that  the  upcoming  XCL  for  2S2Rn  will 
be  relatively  low  at  approximately  1000  ?Ci/L.  This  is  in  contrast  to 
existing  recommended  levels  of  10,000  to  20,000  pCi/L  by  some  states. 

3.  It  is  clear  that  the  most  significant  exposures  to  people  from 
radioactivity  in  drinking  water  occurs  in  the  very  small  public  and  in 
private  water  supplies,  as  opposed  to  public  water  supplies  serving  greater 
than  a  few  hundred  population.  This  is  based  upon  the  fact  that  the  limited 
data  available  indicate  that  radionuclide  problems  are  nuch  nore  frecrient 
and  severe  in  low  yield  private  ground  water  supplies. 

4.  Vhile  several  investigations  have  focused  upon  the  occurrence  of 
radionuclides  in  public  water  supplies,  very  little  effort  has  been  directed 
at  the  significant  portion  of  the  population  that  gets  its  water  from  very 
small  public  and  private  water  supplies.  As  a  result  we  have  little 
information  on  the  real  exposure  and  risk  to  this  portion  of  the  population. 


3.    Overall,   the  impact  upon  the  water  supply  industry  due  to  y.CL 
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enforcement  far  radionuclides  is  ejected  to  be  snail,  with  the  possible 
exception  oi  :2=Ra.   If  a  very  plausible  low  SCL  is  sec  for  =S2?.n,  a 

significant  fraction  of  the  existing  ground  water  supplies  irill  be  in  non- 
compliance. 

S.  Removal  of  radionuclides  from  water  supplies  is  relatively  simple,  and 
economical  processes  are  available  for  both  large  and  small  supplies. 

7.  While  removal  is  relatively  easy  and  economical,  the  disposal  of  removed 
radionuclides  can  represent  a  limiting  factor  in  terms  of  feasibility  and 
economics.  Limited  experience  and  familiarity  with  this  is  a  major 
impediment;  however,  as  information  is  aore  generally  available  to  both  the 
water  supply  fieid  and  regulators  aany  of  the  problems  raised  will  be  more 
easily  solved. 

3.  The  aost  effective  processes  for  the  small  public  water  supplies  are 
somewhat  unique  in  their  application  to  U,  Ra,  and  **•!&.  Anion  exchange 
and  the  radium  complexer  have  extremely  high  capacities  for  U  and  Ha, 
respectively,  and  22  =  Ra  can  be  easily  stripped  by  pacxed  tower  or  other  form 
of  aeration.  GAC  exhibits  an  adsorption/decay  phenomenon  that  allows  it  to 
be  effective  for  an  indefinite  but  very  long  time. 

9.  A  new  process  involving  sorption  to  HKO  in  existing  treatment  plants 
shows  promise  to  solve  Ra  problems  in  the  Midwest. 

10.  A  somewhat  negative  finding  has  recently  emerged  froa  recent  research  on 
the  removal  ***Ra  with  GAC.  It  appears  that  aany  of  the  isotopes  of  the 
==aa  decay  series  are  well  adsorbed  to  carbon,  including  a  and  ?b.  This 
coupled  with  the  relatively  low  levels  allowed  for  U  and  :i0?b  on  materials 
by  some  states  aeans  that  aany  PCS  and  public  water  supply  applications  of 
SAC  probably  could  be  classified  as  licensabie.  This  is  especially  true  far 
213?b,  since  it  would  taxe  only  a  short  time  to  accumulate  as  a  result  of 
the  adsorption/ decay  cf  even  low  222Rn  levels  in  ground  water.  In  fact, 
limited  data  indicate  that  nany  ?02  GAC  zeds  and  aost  GAC  zeds  treating 
public  ground  water  supplies  are  likely  to  contain  acre  than  the  exempt 
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SMatity  of  «»?!.  This  appears  to  be  the  case  even  for  =  =  =  ?.-  levels  as  low 
as  100  ?Ci/L  ia  public  water  supplies.  That  the  implications  of  this  are  is 
aot  known,  since  tais  is  a  very  recent  and  largely  undocumented  fiadia*. 

11.  Compounding  tie  problem  of  disposal  is  the  fact  that  few  traditional 
water  regulator?  agencies  are  experienced  with  handling  these  materials.  It 
appears  that  it  will  be  up  to  the  states  to  handle  these  problems ,  as  the 
JIRC  does  act  regulate  natural  radionuclides  and  E?l  has  aot  yet  come  out 
with  a  document  dealing  with  these  problems. 


The  following  proposed  research  projects  address  the  gaps  ia  current  and 
recent  research.  The  listing  is  not  in  order  of  priority. 

Project  >fo.  1  ; 

Survey  of  Natural  Radionuclide  Levels  in  Private  and  tlon-Transient  tfon- 
Conmuaity  Sater  Supplies.  ?o-210  should  be  iacluded  as  required. 

Objectives: 

To  document  the  levels  of  natural  radionuclides  in  very  small  and  private 

water  supplies  and  to  estimate  the  health  risk  associated  with  those  levels. 

Benefits: 

Very  limited  information  on  the  levels  of  natural  radionuclides  in  very  small 
aad  private  water  supplies  exists.  Vhat  little  information  there  is  supports 
the  belief  that  the  problem  of  radionuclides  in  water  is  largely  one 
associated  with  small  supplies  that  do  not  or  have  not  come  under  the  previous 
documentation  efforts  by  Z?A  and  others.  Extreme  levels  are  approximately  an 
order  of  nagnitude  higher  ia  these  low  yield  wells,  as  ccnpared  to  relatively 
Mil  documented  levels  of  iMfe,  2a,  a-d  „  ia  ?uil;c  wa.tr  su?pUes>  siac2  , 
significant  population  obtains  their  drinking  water  from  these  supplies  it  is 
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important  that  the  associated  exposure  be  better  docunented.   Burnett,  et. 
*!.,  (1337)  indicated  that  -^°?o   can  be  7ery  high  in  veil  supplies  and  this  jj 
paint  should  be  addressed. 

Cost: 


It  is  not  expected  that  such  an  investigation  could  be  carried  out  by  o»*  bod? 
and  tais  type  of  project  would  be  best  conducted  by  tbe  individual  states - 
Therefore,  a  cost  estimate  is  not  given. 


Project  TJq.   2: 

A  General  Assessaeat  and  Documentation  of  the  Ability  of  Existing  Treataeat 
Facilities  to  Remove  Radon  ?roa  Water  Supplies. 

Objective: 

To  expand  upon  the  type  of  liaited  inforaatioa  obtained  by  the  recent  study  by 
the  Aaericaa  Water  Works  Company  (Phase  II) .  Treataeat  efficiency  of 
aeration,  GAC,  other  processes,  and  losses  in  the  distribution  systea  should 
be  docuaented  for  existing  systeas. 

3enefits: 

The  excellent  report  by  the  American  Water  Works  Company  added  auch 
inforaatioa  for  a  relatively  small  investment.  This  effort  represents  some  of 
the  best  data  available  on  aeration  and'  distribution  system  losses.  An 
expanded  study  could  produce  some  valuable  data  aot  generally  available  at  the 
present  time.  A  more  thorough  analysis  of  removal  by  existing  treatment 
processes  could  provide  a  significant  amount  or  data  very  guicxly. 
Distribution  system  losses  could  be  .studied  and  possibly  optimised  through 
such  a  study. 

Costs: 

*t  is  estimated  that  the  cost  would  range  between  S25,Q00  and  S25,000,  with 
the  lower  figure  representing  an  effort  roughly  twice  that  covered  by  Phase  II 
cf  the  previously  referenced  study. 
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Project  lie.   3 : 

A  Study  of  U  Removal  3y  Anion  2xciange  and  GAC. 

Objectives: 

To  further  document  the  following  aspects  of  0  removal: 

1.  the  effect  of  pH  on  the  removal  of  0  by  anion  exchange  columns 

2.  the  effect  of  pi  on  the  removal  of  3  by  GAC  beds 

2.   the  water  quality  and  operating  parameters  that  determine  the  resin 
capacity  for  0 

4.  the  use  of  nixed  resin  beds  to  remove  U  and  Ra  from  the  same  water  supply 

5.  the  fate  of  thorium-234  (««Th)  and  protactinium-234  (=3<?a)  in  resin 
beds  used  to  remove  U  from  water- 
Benefits  : 

Data  are  very  limited  on  the  effect  of  pH  on  a  adsorption  or  exchange  (Lee  and 
Bondietti  1982).  At  pH  9.0  it  has  been  shown  that  GAC  does  not  adsorb  a  very 
well,  yet  at  pH  6.3  it  adsorbs  and  retains  it  very  well.  Also,  there  is 
evidence  that  ?H  is  very  important  to  0  removal  by  anion  resin,  although  no 
studies  have  investigated  this  to  a  significant  degree.  This  part  of  the 
study  would  provide  needed  information  on  the  extent  that  D  is  adsorbed  by 
existing  GAC  beds  and,  therefore,  provide  an  estimate  of  the  potential  for 
this  to  be  a  disposal  issue, 

Vhile  pE  is  probably  very  important  to  0  removal  with  anion  resin,  it  appears 
that  other  factors  nay  also  be  important  in  determining  capacity.  Studies 
have  documented  that  the  capacity  of  the  resins  for  U  varied  widely  from  about 
10,000  bed  volumes  to  over  100,000  bed  volumes.  This  study  would  investigate 
the  factors  that  produce  such  a  wide  variation. 

In  small  supplies  in  some  regions  of  the  counzry  U  and  Ra  are  both  found  at 
elevated  concentration.  In  these  cases  a  nixed  bed  with  either 
anion/ compiexar  or  anion/cation  could  be  used  to  remove  both  radionuclides  in 
cne  vessel.  This  study  could  provide  design  information  and  investigate  tie 
possibility  of  a  one  tine  rssin  use  and  disposal  without  regeneration  for  the 
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completer/ anion  mixed  bed.    3oth  these  materials  have   extremely  high  ■ 
capacities  for  the  respective  radionuclide  and  Eight  prove  tc  be  a  very  useful 
combination  in  these  cases. 

The  face  of  the  relatively  short-lived  progeny  of  U,  234Th  and  33<?a,  has  not 
been  studied.  Since  the  capacity  of  the  resin  is  so  high  for  the  U  salt 
anion,  these  beds  aay  be  operated  for  an  extended  period  such  that  the 
generation  of  these  two  progeny  will  become  significant,  this  possibility  and 
the  fate  of  these  isotopes  should  be  investigated. 

Costs: 


It  is  estimated  that  the  study  described  would  cost  between  S50,G00  and 
$100,000. 


Project  No.  4: 

Documentation  of  the  Occurrence  of  U  and  Ra  in  Wastewater  and  Water  Sludge. 

Objectives: 

To  gather  further  information  about  the  a,  and  to  a  lesser  extent  Ra,  content 
of  waste  sludge. 

Belief  "*  ts : 

There  is  indication  from  the  few  measurements  that  have  been  taxea  that  U 
levels  in  seme  sludges  can  be  very  high  and  that,  in  general,  sludges 
concentrate  B  to  a  high  degree.  The  documentation  of  the  a  content  in  sludges 
associated  with  waters  containing  some  U  srould  provide  a  perspective  upon  the 
ubiquity  of  0  in  the  environment.  A  realization  that  0  can  be  easily  found  in 
materials  we  are  used  to  handling,  aay  provide  a  benefit  to  those  dealing  with 
the  question  of  waste  disposal.  The  recent  discovery  in  Colorado  of  a  septic 
tanJt  sludge  containing  a  at  over  the  licensable  quantity  specified  by  the  SRC 
precipitated  a  decision  by  the  State  of  Colorado  to  not  consider  this  material 
as  a  low  level  radioactive  waste.  It  is  lixtiy  that  the  widespread  occurrence 
of  1  in  that  area  would  cause  a  greatly  incraas«d  regulatory  demand  if  such  a 
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practical  decision  were  aot  aade.  Perhaps  regulators  in  other  states  would 
7iew  water  treatment  residues  and  discharges  in  a  acre  practical  way  if  they 
vere  aware  of  tie  widespread  occurrence  of  concentrated  II  in  tiese  familiar 
nateriais.  Per  example  in  Sew  Hampshire,  at  tie  present  tine  nany  of  tie  GAC 
beds  treating  ground  waters  probably  have  in  excess  of  tie  allowable  quantity 
tiat  differentiates  between  noma!  and  low  level  radioactive  waste,  according 
to  tiat  stare's  office  of  radiation.  In  reality,  it  is  unlikely  tiat  New 
Hampshire  will  have  tie  resources  to  aeasure,  let  alone  enforce,  this 
criterion;  however,  it  appears  that  a  perspective  on  the  water  treatment  field 
is  needed. 


Costs: 


It  is  expected  that  a  project  would  be  best  conducted  by  the  individual 
states;  however,  the  perceived  questionable  benefits  and  liaited  budgets  will 
probably  prohibit  this.  It  is  estimated  that  this  survey  could  be  done  for 
S25,CQ0  to  550,000,  depending  upon  the  scope.  This  night  provide  that  between 
200  and  400  individual  saaples  be  analyzed. 


Project  ?fo.  5: 

k   Study  of  the  Radioactivity  of  Existing  GAC  Beds  Treating  Ground  Waters  Used 

for  Public  and  Private  Supplies. 

Objectives: 

To  docuaent  ia  the  field  the  ability  of  GAC  to  adsorb  the  uraaiua  series 
isotopes,  including  0,  Ha,  ?o,  84,  and  ?b,  and  to  determine  the  extent  of  any 
disposal  question  that  aay  be  associated  with  these  aaterials.  The  isotopic 
content  of  the  GAC,  its  associated  gaaaa  exposure  rate,  and  specifically  its  U 
and  Ji0?b  content  should  be  aeasured. 

Benefits: 

Relatively  recently   lowry  docuaent ed  that  GAC  effectively  reaoves  and 

concentrates  nost  of  the  isotopes  in  the  0  decay  series.   This  has  prompted 

cone  regulators  to  taJce  a  look  at  ZkC  as  a  possible  low  level  radioactive 
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waste  —  a  direction  that  would  have  a  treaendous  iapacr  upon  the  carhon 
industry  and  the  water  trsataent  field.  Recently,  the  author  and  the  I?A  have 
calculated  that  the  aajonty  or  the  existing  GAC  beds  thar  presently  treat 
ground  water  could  contain  greater  than  the  exenpt  quantity  of  ««Fb,  used  by 
scae  states  for  licensing  purposes.  In  fact,  even  a  significant  auaber  of  the 
mil  private  POT  units  will  contain  greater  than  the  exeapt  quantity,  which 
is  100  nCi.  This  is  true  for  GAC  units  in  general  use  on  ground  water 
supplies,  whether  or  not  they  were  specifically  intended  to  reaove  "2Ra. 

It  is  not  yet  clear  what  the  implications  will  be  when  this  becoaes  general  I 
knowledge;  however,  the  extent  of  the  potential  prcblea  needs  to  be  identified  H 
so  data  will  exist.  Further,  it  is  not  clear  to  regulators  involved  in  this  I 
area  what  the  actual  regulations  should  be  with  respect  to  the  water  field. 


Costs: 


It  is  expected  that  a  study  to  docuaent  the  extent  of  this  problea  would  cost 
between  530,000  and  5200,000,  depending  on  the  scope. 
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Project  No.  6: 

A  Study  of  «=Hn  Adsorption  ?roa  the  Discharge  Air  of  a  Packed  Tower  Aeration 
Process. 

Objectives : 

To  docuaent  the  feasibility  of  "=Rn  removal  from  the  air  discharge  of  a 

stripping  tower. 

Benefits  t 

Vhile  packed  tower  aeration  appears  to  be  nuch  aore  econcaical  than  GAC  on  a 
public  water  supply  scale,  there  are  states  that  require  that  the  discharge 
froa  a  packed  tower  air  stripper  be  scrubbed  with  GAC.  The  feasibility  of 
doing  this  has  not  been  deacnstrated  and  it  is  known  that  silent  changes  in 
iuaidity  deteriorate  the  effectiveness  of  :  —  Rn  adsorption  froa  the  air.  It 
aay  be  that  air  scrubbing  for  :=2Rn  is  not  econoaicai,   leaving  GAC  the  only 
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available  aethod  for  rsaoval.  This  possibility  should  be  investigated. 

Costs: 

It  is  estiaatad  that  this  short-term  study  would  utilize  an  existing  stripping 

tower  and  would  cost  approximately  320,000  to  340,000. 


Project  No.  7: 

Pilot  and  Full-Scale  Deaonstrations  of  Radionuclide  Removal  Technologies  for 

Saall  Hater  Supplies. 

Objectives: 

To  provide  routine  operation  data  for  processes  such  as  cation  exchange,  Ra 
coapleximg,  HMO  reaoval  of  Ra,  anion  exchange,  and  GAC  adsorption/decay. 
These  processes  are  soaewhat  unique  in  teras  of  their  capacity,  expected  life, 
aad  the  associated  disposal  considerations',  and  need  to  be  better  documented 
in  the  field. 

Benefits: 

Very  limited  data  are  available  for  the  routine  operation  of  anion  exchange 
for  U,  Ra  renoval  by  the  Dow  coaplexer  and  HMO,  and  for  GAC  reaoval  of  222Rn. 
inion  resin  capacity  appears  to  be  rather  variable  depending  upon  which  study 
is  referenced  and  little  inforaation  is  available  en  actual  bed  capacity  for 
full  scale  operation.  GAC  is  being  studied  by  a  demonstration  project  in  New 
Haapshirsr  however,  it  appears  that  conditions  possibly  unique  to  that  site 
are  causing  carbon  fouling  and  yielding  unrepresentative  data  for  32=Rn 
removal.  More  studies  and  deaonstrations  are  needed  upon  which  to  base  future 
design  and  operations. 

Cost: 

The  cost  for  a  series  of  studies  could  be  quite  substantial,  depending  upon 
the  magnitude  and  scope  of  the  effort.  It  is  euvisioaed  that  studies  of  some 
or  the  first  operational  plants  using  these  processes,  some  of  which  exist  at 
present,  could  be  coordinated  with  the  water  utilities  or  owners  to  provide 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  #:   USSR-01 

PROJECT  DESCRIPTION 


Project  Title: 

Water  Quality  of  Moscow  Water  Supply  Sources  in  Prognostications. 


Contact 

(name  of 

person,  organization,  address, 

telephone)  : 

USSR,   S.V.    Khramenkov 

Head 

of  Ma 

in  Administration  for  Water  and 

Wastewater 

Mana 

aement 

of  Moscow   City  Soviet    (GLAVMOSVODOCANAL) 

USSR 

107005  Moscow,    PI eteshkovsky  per.  ,4 

Phone   261   67   20 

Project  Description  (Please  attacn  a  schematic  diagram  if  appropriate): 

Moscow  water  supply  is  based  on  two  sources  of  water.  The  first  source 
is  the  River  Moskva  with  its  tributaries  and  storage  reservoir  system. 
The  second  one  is  the  River  Volga  and  the  water  supply  is  performed  via 
t*he  Moskva-Volga  Canal. 

For  the  implementation  of  such  an  approach  it  is  necessary  to  forecast 
the  quality  of  water  at  every   stage  of  the  water  supply  system  because  of 
the  complicated  water  source  morphological  structure  of  the  Moscow  water 
supply  system  (wide  catchment  area,  water  storages,  channels,  mains  and 
pipelines  and  other  hydraulic  structunes). 

Prognostications  are  used  to  solve  problems  of  water  protection  and 
modernization  of  water  purification  technology;  seasonal  and  emergency 
forecasting  is  available  for  planning  and  management  of  the  treatment 
process. 

Water  treatment  control  is  conducted  by  means  of  variation  of  technologi- 
cal methods: 

-  using  different   kinds  of  chemicals; 

-composing  variable  combinations  of  chemicals  and  changing  the  point  for 
adding  chemicals    from  time  to   time; 

-  changing  water  treatment  regime   (chemical    dosage,   filtration  rate, 
settl ing  time) . 
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Operating  ana  cost  aata  (including  data  on  efficiency,  results,  etc.): 

A  complex  approach  to  the  problem  "water  supply  source  -  waterworks 
system"  allows  to  plan  both  the  water  treatment  mode  at  a  waterworks  and 
the  chemical  dosage  with  the  sufficient  lead  time  by  forecasting  water 
quantity  in  the  water  supply  source. 


Placets)  of  mstai lation/appl ication  v  including  dates / 
Moscow  water  supply  system. 


If  available  attach  descriptive  publications,  tecnnical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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WATER  QUALITY  OF  MOSCOW 

WATER  SUPPLY  SOURCES  IN  PROGNOSTICATIONS 

S.V.  Khranemkov,  USSR 


Moscow  water  supply  is  based  on  two  sources  of  water.  The  first  source  is 
the  River  Moskva  with  its  tributaries  and  storage  reservoir  system.  The 
second  source  is  the  River  Volga  and  the  water  supply  is  performed  via  the 
Moskva-Volga  Canal'.  (Fig.  1) 

Water  supply  sources  have  been  developed  gradually.  Such  water  storages  as 
Istrinskoye,  Mozhaiskoye,  Fuzskoye,  Ozerninskoye  with  water  resources 
enough  for  long-term  flow  regulation  being  built  on  the  River  Moskva  and 
its  tributaries  provide  for  the  output  about  32  m3  per  second  in  a  dry 
year.  With  the  construction  of  Vaz-uza  Hydro-Engineering  system  we  have  got 
tne  possibility  to  cover  completely  feasible  shortage  of  water  in  definite 
districts  of  the  city. 

The  capacity  of  the  Volga  water  source  at  present  time  has  reached  82  m3 
per  second  and  that  of  the  Vazuza  system  -  17  m3/sec. 

The  total  design  capacity  of  water  sources  was  131  m3  per  second  in  1987. 
It  fully  satisfied  the  city  demand  for  water. 

On  an  average  day  we  supply  totally  5.8  million  cubic  meters  of  water;  the 
maximum  water  consumption  totals  6.4  million  cubic  meters  a  day. 

The  purification  of  surface  water  and  the  supply  of  potable  water  to  the 
consumer  are  facilitated  at  four  waterworks:  Rublyovskaya  and  West 
waterworks  (water  comes  from  the  Moskva);  East  and  North  waterworks  (water 
comes  from  the  Volga). 

Further  development  of  city  water  supply  is  envisaged  on  the  basis  of  these 
water  sources. 

In  order  to  guarantee  the  quality  of  drinking  water,  it  is  vital  to  have 
the  reliable  purification  technology  designed  for  possible  change  of  the 
quality  of  the  water  near  intakes.  The  quality  of  the  water  at  waterworks 
intake  is  the  factor  which  determines  the  treatment  regime.  That  is  why 
when  designing  and  constructing  purification  facilities  is  very  important 
to  have  long-term  information  about  the  quality  of  the  water.  Taking  into 
consideration  substantial  investments  in  construction  and  reconstruction  of 
the  treatment  facilities  is  necessary  to  use  complex  approach  to  the 
problem  "water  supply  source  -  water  station  system"  that  is  the  execution 
of  the  analysis  of  the  alternate  variants  (different  measures  to  secure  the 
improvement  of  the  water  quality  in  the  water  source  or  modernization  of 
treatment  facilities)  by  means  of  comparison  of  their  cost  effectiveness. 

For  implementation  of  such  an  approach  it  is  necessary  to  forecast  the 
quality  of  water  at  every  stage  of  the  water  supply  system  because  of  the 
complicated  water  source  morphological  structure  of  the  Moscow  water  supply 
system  (wice  catchment  area,  water  storages,  channels,  mains  and  pipelines 
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and  other  hydraulic  structures).  Forecasting  of  the  water  quality  at  every     h 
stage  on  the  way  to  intakes  of  waterworks  is  performed  at  both  water  supply 


sources.  Prognostications  are  used  to  solve  problems  of  water  protection 
and  modernization  of  water  purification  technology;  seasonal  and  emergency 
forecasting  is  available  for  planning  and  management  of  the  treatment 


process .  '  -*' 

Water  treatment  control  is  conducted  by  means  of  variation  of  technological 
methods : 

-  using  different  kinds  of  chemicals; 

-  composing  variable  combinations  of  chemicals  and  changing  the  point 
for  adding  chemicals  from  time  to  time; 

-  changing  water  treatment  regime  (chemical  dosage,  filtration  rate, 
settling  time) . 

The  necessity  to  make  tnese  evolutions  is  caused  by  fluctuations  of  the 
quality  of  surface  water  at  the  waterworks  intakes.  The  change  of  the 
water  quality  is  evaluated  with  the  help  of  meteor! ogi cal ,  hydro! ogical  and 
anthropogenic  factors. 


1 
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Furthermore,  the  change  of  water  quality  also  arises  from  the  alteration  of  — 
the  conditions  of  the  water  objects,  increase  of  the  water  intake  from  the  1 
water  storage  when  the  water  consumption  in  the  city  is  growing.  ™ 

I 
I 

Meanwhile  adopted  in  the  USSR  drinking  water  standard  (GOST  2874-73)  ™ 

standardizes  upper  and  lower  limits  of  the  quality  indices  in  rather  narrow 

range  irrespective  of  the  value  of  water  quality  fluctuations  in  the  ■*] 

waterworks  intakes.  Fig.  4  demonstrates  limiting  values  of  standard  ' 

demands  to  drinking  water  quality.  Under  existing  conditions  the 

technology  of  water  treatment  can  guarantee  standard  quality  of  drinking  f\ 

water  only  when  treatment  facilities  are  operated  on  the  principle  of  m 

flexible  technology  which  is  characterized  by  dominating  demand  to  regard 

the  dynamics  of  water  supply  source.  Water  supply  source  dynamics  is  m 

characterized  by  three  basic  processes:  J 

-  water  quality  change  when  there  is  natural  transformation  of  water 

body  as  a  result  of  the  accumulation  of  different  changes  caused  by       a| 
natural  and  anthropogenic  factors;  * 

I 
I 
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In  Fig.  2  and  3  are  shown  typical  curves  of  twelve  months'  and  several 
years'  standing  changes  of  some  indices  of  the  water  quality  in  the  Volga 
and  Moskva  water  supply  sources.  Data  analysis  presented  in  these  pictures 
shows  what  for  Moscow  water  supply  sources  on  the  background  of  tendency 
for  relatively  slow  change  of  the  conditions  of  water  objects  are 
characteristic  considerable  fluctuations  in  the  water  quality  indices 
recorded  at  the  waterworks  intakes. 


-  twelve  months'  changes  periodically  repeated  with  various  intensity 
in  different  years  depending  on  total  phenological  background; 

-  water  quality  caused  by  short-term  fluctuations  of  environment  in 
case  of  emergency. 
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Timely  taken  mentioned  processes  into  account  allow  to  utilize  all  stages 
of  the  flexible  technology  that  is  to  choose  the  right  water  treatment 
technology  and  optimal  treatment  regime.  It  is  very  important  to  foresee 
the  long-term  prospective  tendencies  of  changes  of  water  quality  indices 
when  estimating  the  technology  of  water  treatment  process. 

This  information  is  used  when  carrying  out  projecting  and  research  work  on 
finding  the  most  rational  technological  methods  of  water  purification  in 
order  to  meet  standard  demand  for  water  quality. 

The  reliability  of  various  schemes  of  water  treatment  is  solved  by  means  of 
forecasting  the  quality  of  the  water  for  the  planning  period. 

At  last,  it  is  very   important  to  have  information  about  the  water  quality 
when  choosing  rational  treatment  regime.  The  period  for  forecasting  the 
quality  of  the  water  should  be  composed,  as  minimum,  of  time  necessary  to 
make  calculation  of  a  treatment  regime  and  time  which  is  necessary  to 
change  the  operation  of  treatment  facilities  to  a  new  operational  regime. 

In  such  a  way,  on  the  basis  of  execution  of  an  effective  water  treatment 
control  is  a  great  need  in  long-term,  middle-term  and  short-term 
forecasting  of  the  water  composition  in  the  water  storage  reservoir. 

For  example,  when  choosing  prospective  water  treatment  technology  at 
waterworks  using  water  from  the  storage  reservoir  which  belongs  to  the 
Volga  water  supply  source,  that  is,  East  waterworks,  long-term  forecasting 
of  the  water  quality  in  the  reservoir  was  developed.  Forecasting  was  made 
on  the  basis  of  analysis  of  the  results  of  many  years'  standing 
oDservations  which  were  started  in  1937  immediately  after  the  construction 
of  the  water  storage  reservoir  was  completed. 

The  analysis  of  statistic  data  showed  that  with  the  increase  of  water 
intake  reached  in  1987  about  3.5  mln  cubic  meters  a  day  (versus  0.4  mln 
cubic  meters  daily  in  1937)  the  protection  function  of  the  water  storage 
reservoir  decreased  with  respect  to  especially  color  index.  In  Fig.  5 
(curve  1)  is  shown  that  the  color  index  at  the  water  storage  inlet 
fluctuates  within  the  limits  from  30  to  90  degrees.  For  all  that  as  a 
result  of  self-purification,  the  value  of  this  index  decreased  (curve  2). 
The  distance  between  the  two  curves  shows  the  cleaning  effect  of  the  water 
storage. 

Fig.  6  demonstrates  the  diagram  plotted  according  to  the  results  of 
observations.  It  shows  the  decrease  of  water  color  index  in  water 
reservoir  with  the  growth  of  water  demand  for  the  whole  period  of  its 
service  life.  It  is  accepted  that  the  ratio  between  the  difference  of  the 
color  index  at  the  water  storage  inlet  C,  and  in  the  waterworks  intake  C? 
to  the  value  of  C,  to  be  as  the  cleaning  effect  index  of  the  water  storage. 
For  the  analysis  were  used  average  annual  values  C.  and  C0. 

Judging  by  prognostications  was  made  a  conclusion  that  it  would  be 
impossible  to  meet  the  quality  standards  for  drinking  water  during  some 
seasons  of  the  year  when  using  only  conventional  two-stage  treatment  scheme 
"sedimentation-filtration."  As  the  result  of  many  experimental  studies  was 
taken  the  decision  to  improve  the  structure  of  the  treatment  process  by 
means  of  introduction  of  additional  treatment  stage  -  ozonation. 
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More  than  10  years  of  service  life  of  ozonation  station  proved  correctness 
of  these  long-term  prognostications  and  of  the  chosen  technology  of  the 
purification  process.  At  present  time  and  for  future  the  technological 
process  of  water  purification  at  East  waterworks  includes 
sedimentation-filtration  with  the  application  of  chemicals-chlorine,  ozone, 
aluminum  sulphate,  ammonium,  lime  and  from  time  to  time,  activated  carbon. 

Depending  on  the  quality  of  raw  water  the  possibility  of  choice  of  the  most 
rational  treatment  regime  is  provided. 

In  warm  seasons  of  the  year  when  the  water  temperature  is  more  than  10°C 
and  coagulation  processes  proceed  actively  two-stage  purification  scheme  is 
capable  to  meet  standard  demand  for  drinking  water  without  the  ozone 

application. 

On  the  contrary,  at  low  watei  temperature  ozonation  is  more  effective  - 
filtration  process  takes  place  without  the  addition  of  coagulating  agent 
and  sedimentation,  as  well  as  chlorine  dosage  for  primary  chlorination  and 
lime  dosage  are  reduced. 

Because  of  the  unstable  chemical  consumption  it  is  necessary  not  only  to  w 
determine  its  total  volume  but  also  to  work  out  the  time  table  for  delivery  * 
of  chemicals.  Regarding  considerable  volumes  of  chemical  consumption  (it 
is  used  up  to  10  thousand  tonnes  of  coagulating  agent  only  at  one  of  the 
Volga  supply  source  annually)  the  solution  of  this  problem  has  a  great 
economic  importance. 


To  forecast  the  .delivery  of  chemicals  for  the  period  of  one  year,  to  form 
its  stock  with  view  of  having  reserve  enough  for  the  application  of  any 
existing  purification  schemes  we  use  the  water  quality  forecasting  with 
lead  time  of  1.5  years. 

The  water  quality  forecasting  for  such  period  of  time  is  performed  by  one 
of  the  widespread  prognostication  methods,  that  is,  the  analogue  method. 
The  whole  point  of  the  analogue  method  is  that  out  of  stored  water  quality 
data  is  done  search  of  annual  change  of  quality  data  which  is  very  close  by 
its  trajectory  to  the  water  quality  of  the  running  year  which  is  assumed  as 
the  basic  one.  The  search  of  analog  is  executed  with  the  help  of  methods 
of  mathematical  statistics;  water  quality  trajectory  following  the  found 
analog  of  basic  year  is  taken  as  a  forecasting  trajectory. 


Existing  system  for  delivery  of  chemicals  during  a  year  allows  to  make 
quarter  period  correction  of  planned  chemical  quantity.  To  determine  the 
necessity  for  such  correction  is  created  quarter  forecasting  of  the  water 
quality  with  the  3  months  lead  time.  Such  prognostications  are  carried  out 
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Data  analysis  of  forecasting  secures  planning  of  chemical  costs  with  the 

error  admissible  for  water  treatment  technology.  In  Fig.  7  are 

demonstrated  forecasting  errors  of  average  month  values  of  color  index,        1 

received  by  means  of  comparision  of  prognostication  data  with  actual 

values.  Color  forecasting  error  makes  up  to  8-13%.  There  are   some  other 

results  of  water  quality  indices. in  this  table.  All  together  nine  the  more 

important  quality  water  indices  are  included  into  this  system. 


I 
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I 
J 


I 
I 


at  the  end  of  each  quarter  according  to  analogue  method,  too.  Results  of 
water  quality  forecasting  are  presented  in  table  8.  Comparison  of 
forecasting  errors  shows  the  degree  of  forecasting  accurate  definition  when 
lead  time  period  is  reduced. 

The  storing  of  data  file,  further  filing  of  the  information,  calculation  of 
annual  and  quarter  prognostications  of  the  quality  of  the  water  are 
performed  with  the  help  of  a  computer  in  automatic  mode  on  the  basis  of  the 
water  quality  initial  data. 

In  Fig.  9  retrospectively  is  shown  forecasted  and  actual  annual  chemical 
consumption  (chlorine  and  coagulant).  It  is  possible  to  decrease  chemical 
stock  using  forecast  information  about  the  water  quality.  For  example, 
prognostications  of  the  chemical  consumption  proved  the  possibility  of  the 
reduction  of  tne  coagulant  stock  by  25-30%  at  East  waterworks.  Advisable 
stock  of  coagulant  (including  emergency  store)  makes  2500-3000  tonnes. 
Thus,  medium-term  forecast  of  water  quality  ensures  availability  of 
chemicals  delivery  initial  information  for  plan  calculation  and  estimation 
of  chemical  stock  volume. 

Even  very  well  organized  safety  system  couldn't  protect  the  water  source 
from  uncontrolled  accidental  occurrences.  As  know,  accidental  occurrences 
are  unamenable  to  long-term  and  medium-term  forecasting.  For  this  purpose 
short-term  forecast  system  is  available. 

It  is  mentioned  in  the  list  of  comments  of  results  of  different  water 
quality  factors  forecasting  of  the  water  supply  source  that  analogue  metnod 
of  forecasting  provides  various  values  of  errors  for  different  kinds  of 
components.  The  example  of  the  analysis  of  forecasting  error  of  ammonia 
concentration  which  content  in  the  water  serves  as  one  of  the  factors  of 
anthropogenic  effect  influencing  the  quality  of  water  object  (error  is 
80%),  shows  that  forecasting  calculating  methods  for  some  quality  indices 
can't  be  reckoned  to  be  satisfactory. 

Though,  in  response  to  the  length  of  water  course,  water  circulation 
character  and  self-purification  processes,  we  are  capable  to  forecast  the 
influence  of  accidental  deterioration  of  the  water  quality  at  the 
waterworks  intake. 

Many  years  of  exploitation  of  Moscow  water  supply  sources  proved  that  the 
major  method  of  short-term  forecast  is  the  monitoring  of  water  quality 
indices  in  the  control  sections  of  the  river  and  canal  remote  from  the 
waterworks  intake  for  a  distance  enough  to  make  changes  in  the 
technological  scheme  and  to  use  another  treatment  process  regarding 
transportation  time  and  possible  transformation  of  pollutants. 

To  secure  forecasting  accuracy  is  foreseen  the  possibility  of  dubbing  the 
water  quality  monitoring  in  different  control  sections.  So  in  the  Moskva 
and  Volga  water  supply  sources,  the  sytem  of  control  points  includes  from  5 
to  15  control  sections  which  measure  up  to  10  various  water  indices  which 
determine  the  treatment  process  at  the  waterworks.  There  are  automatic 
control  stations  at  some  control  sections  as  well  as  mobile  ones  to  get 
express  information  about  movement  of  pollution  front  along  watercourse  to 
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the  intake.  Such  monitoring  system  provides  prognostications  of  the 
quality  of  the  water  for  the  period  up  to  30  days.  At  this,  quite  evident, 
that  the  sooner  water  quality  information  will  be  given  to  operating  staff, 
the  higher  level  of  adequate  treatment  mode  will  be  chosen.  Necessary  time 
reserve  is  provided  by  short  time  forecast.  Express  method  of  water 
treatment  regime  calculation  is  carried  out  by  personal  computer  installed 
at  the  disposal  of  an  operator  of  waterworks.  Calculations  are  made  with 
the  help  of  the  mathematical  model  of  purification  facilities. 

This  model  was  worked  out  to  control  the  process  of  purification. 
Mathematical  model  of  the  waterworks  represents  the  whole  combination  of 
analytical  dependences  uniting  into  common  system  water  quality  indices 
recorded  in  the  intake  of  the  treatment  facilities,  doses  of  applied 
chemicals  and  the  quality  of  the  purified  water. 

With  the  help  of  these  dependences  different  combinations  of  chemical 
dosages  are  calculated  and  other  purifying  effects  which  secure  the 
required  water  quality  standard  are  estimated,  too. 

Out  of  set  of  combinations  the  regime  is  calculated  which  can  provide  the 
most  rational  mode  of  the  treatment  process.  In  particular,  this 
calculating  program  is  expected  to  cnoose  such  purification  mode  which 
would  have  minimum  cost  price. 

Besides  the  water  quality  index  in  the  waterworks  intake,  such  factors  as 
the  capacity  of  treatment  facilities  and  their  technical  conditions  (number 
of  settling  tanks,  filters,  contact  basins,  etc.)  are  considered  to' be  the 
factors  also  determining  the  purification  regime. 

In  table  12  are  presented  the  results  of  calculation  of  the  working  regime 
of  the  treatment  facilities  during  one  of  the  days  each  month  of  the  year. 

Thus,  the  calculation  of  purification  regime  and  optimal  consumption  of 
chemicals  performed  with  the  help  of  computerized  control  board  installed 
at  the  disposal  of  an  engineer  on  technology  permits  to  increase  the 
reliability  of  the  facilities  to  treat  water  to  forecasted  quality. 
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G1NG  WATER  SUPPLY  TECHNOLOGY 
^ECT  DESCRIPTION 


AWWARF  Code  *:_    USSR-Q2_ 


Project 


Artificial   Underground  Water 


Fill   Up  Using  Direct  Filtration. 


Tntact  (name  SI   person,  oryanudti an , 
'oni;d       v  Skirkiavichus  A.L 

Ministry  of  the  Municipal   Services  o 
ninis>».iy  u  ^   K.Didjulio   St. 


rdaress,  telephone] 


f  the  Lithuanian  SSR 


J 

i 


Vilnius,   232753   USSR 
Tel    622-875 


p\o  45;  of  the  Inflltrrtrf  «ter.     ff\YtZtn \e^e.     Water  leering 
i;rfter7ater1eeeVrtre  M«  «•  «—  «■  >-  — *-' 
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mes,  reaching  an  average  da  ly 
ter  level    in  the  reservoirs     area 

'-.,   ,.  ,„0r»nP   increase  of 
gl 


aWJlK  STUg- -55  52.! 

nas  registered  an  average  increase 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:       USSR- 02 


Project    ntie: 


Artificial    Underground  Water   Fill    Up   Using  Direct   Filtration. 


Contact   (name  of  person,  organization,   address,  telepnone): 

Ski rkiavichus  A.L. 
Ministry  of  the  Municipal   Services  of  the  Lithuanian  SSR 

A  K.Didjulio  St. 
Vilnius,   232753   USSR 
Tel    622-875 


Project  Description  (Please  attach  a  scnematic  diagram  if  appropriate): 

River  water  clarified   by  fast   filters   is  processed  to   infiltration 
reservoirs   having  the   total,  area  of  50,000  m^.     The  operational    depth  of 
the  reservoirs  total   2.7  m.     Wells   drilled  in  the  reservoirs'    area  draw 
up  to   45%  of  the   infiltrated  water.      Water   probes    from   reservoirs   and   con- 
trol  wells   are  taken  to  examine  the   infiltration   regime.     Water   lowering 
speed  after  water  supply  to  the  reservoirs   is  stopped   is  also  measured. 


USSR- 9 
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Operating  and  cost  data   (including  data  on  efficiency,   results,   etch 

The  total   water  intake  debit  after  commission  of  the  artificial   water   fill 
up  system  has   been  increased  by  1.4  times,   reaching  an  average  daily 
deoit  of  35,000m^.     The  underground  water  level    in  the  reservoirs'    area 
has   registered  an  average   increase  of  1.5  meters. 


Place! s)   of  installation/ appl ication   (including  dates): 
The  Aguliaisk  water  intake,  the  city  of  Kaunas.    1975 


If  availaDle  attach  descriotive  publications,  tecnnical 
manufacturers'    specifications,   patent  descriDtions,   etc 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Coda  ♦:        USSR-Q5 

PROJECT  DESCRIPTION 


I     Project  Title: 

Artificial    Underground  Water   Fill    Up  Using  Side  Filtration 


Contact   (name  of  person,  organization,   address,  telephone): 

Skirkiavichus  A.L. 
Ministry  of  Municipal   Services  of  the  Lithuanian  SSR 
4  K. Did julio  St.,   Vilnius   232753  USSR 
Tel    622-875 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate): 

The  pumping  station  supplies  water  from  the  old  navigation  canal  to  the 
system  of  filtration  canals  along  which  wells  are  drilled  (H=20.0m)  or 
drains  are  installed  (H=8.0m  i  600mm).  The  canal  is  2.5m  deep  with  the 
bed  width  of  1.5m  and  the  upper  width  reaching  15m.  Water  turbidity  in 
the  main  canal  doesn't  exceed  15mg/l.  Water  intake  facilities  process  up 
to  60*  of  the  infiltrated  discharge.  Once  or  twice  a  year  infiltration 
canais   are  washed  using  excessive  washwater. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

This  method  helped  to  convert  polluted  surface  water  into  underground 
potable  water  without  complex  and  expensive  treatment  in  the  area  that  has 
no  potable  water  sources. 


Place(s)  of  installation/application  (including  dates): 

The  facilities  were  installed  at  the  Klaipeda  water  intake  and  the  canal 
connecting  the  Miniya  and  Kurshsk  Bay  in  1975. 


Patent  staus,  if  applicaole: 


If  available  attach  descriptive  publications,  technical  literature, 
manufacturers"  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY  AWWARF  Code  ♦  :        USSR-Q4 

PROJECT  DESCRIPTION 


Contact 

( name 

or 

person,  organization, 

address, 

telepnone)  : 

Skirkiavichus  A. 

L. 

Ministry 

of 

the 

Municipal   Services 

of  the  Li 

thuanian 

SSR 

4 

K.Didjulio   St.  ,   Vil 
232753   USSR 
Tel    622875 

nius 

Project  Description"  (Please  attach  a  "schematic  diagram  if  appropriate): 

Chlorinated  r'ver  water  processed  through  speed   filters   is  supplied  to  the 
wells.     The  second   line  of  aprallel   wells    is   used   for   further  water 
intake.     The  number  of  wells   in  a  line  totals   10   {each  80m  deep).     River 
water  turbidity  ranges   from  2  to  250  mg/1 .     That   is  why  it  is   taken  only 
dry,   clean   periods   with  the  water  turbidity  not  exceeding   10-15  mg/1 
(not  more  than  100  days  a  year).      It   has   been  proved  that  the  turbidity 
of  the  infiltration  water  should  not  exceed  5  mg/1.     The  take   in  of  the 
infiltration  water  equals  50%. 
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Operating  and  cost  oata   t  including  data  on  efficiency,   results,  ere.) 
This  method  of  underground  water   fill   up  ensures   a  three  time   increase 
in  the   intake   capacity,    (from  4,500  m3  to   15,000  m3  daily). 


Piace(s)   of  installation/application   (including  aates): 
Facilities  were   installed  at  the  Tauragsk  water  intake  in   1978. 


Patent  staus,   it   applicaoie: 


Other  information   (e.g.,   funding  source,   cooperating  agencies,   etc.) 


If  available  attach  descriptive  puDl ications ,  technical 
manufacturers'    specifications,   patent  descriptions,  etc, 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AUWARF  Code  #:     JJSSR-05 


Project  Title: 

Dry  Beam  Water   Intake 


Contact 

{ name 

or 

person,  organization, 

address, 

tel  ephoj 

ie)  : 

Skirkiavichus  A. 

L. 

Mi 

roistry 

of 

the 

Municipal   Services 

of  the  Li 

thuanian 

SSR 

4 

K.Didjulio  St.   Vilniu  232753 

Tel    622-875 

Project  Description  (Please  attach  a  scnematic  diagram  if  appropriate): 

A  beam  underbed  water  intake  used  in  areas  with  favourable  hydro  geological 
conditions   has   proved  to  be  a  cheap  and  effective  way  of  water  intake. 
The'well   of  the   Kaunas   beam  water  intake  has   the  depth  of  28.0  m  and  the 
diameter  of  6.0  m,   17  0150  mm  drains  with  staggered   1  +  2  x  10  +  12  mm 
laser  cut   holes.     The  well    is  dry.     Drains   are  grouped   into   7  sets  with 
2-5   drains    in  each  set.      Deep  water   pumps   are   installed   in  metal    pump 
columns.     Such  composition  ensures    free  manoeuvre  of  drains'    operation 
and  maintenance. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.) 

The  dry  beam  water  intake  is  5  times  cheaper  than  the  well  intake  of 
similar  capacity. 


■Placets)  of  instal  lation/appl ication  (including  dates): 

The  beam  well  with  a  daily  capacity  of  30,000m3  is  installed  at  the 
Vichiunay  water  intake,  Kaunas,  USSR. 


Patent  staus,  if  applicable: 


If  available  attach  descriptive  puol ications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  *:    HSSR-Ofi 


Project  Title: 

Well    Restoration  Complex 


Contacts  name  of  person,  organization,   address,  telephone): 

Skirkiavichus  A.L. 

Ministry  of  the  Municipal   Services  of  the  Lithuanian  SSR 

4   K.Didjulio  St.,  Vi  1  i us   232753  USSR 

Tel    622875 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

A  complex  of  units  mounted  on  two  trucks  is  used  to  restore  operational 
capacities  of  well  filters.  The  complex  comprises  an  electrical- 
hydraulic  plant,  a  living  section  and  a  depot  for  auxilliary  equipment 
mounted  on  the  one  truck  and  a  pumping  and  acidification  units  mounted 
on  the  other.  There  are  two  tanks  with  acid,  compressor  and  a  winch 
for  maintenance  of  the  air  lift  device.  The  complex  is  run  by  a  5  man 
team.  Maximum  immersion  of  liquid  discharger  is  100  m.  It  takes  one 
week  to  restore  one  well. 


USSR- 17 


ODerating  and  cost  data   (including  data  on  efficiency,   results,   etc.): 

The  restored  operational    capacity  of  three  wells   saves   the   construction 
of  one  new  wel  1 . 


Place(s)   of  installation/application   (including  dates): 

The  complex  is   produced   by  start-up  and  adjustment  workshops,  the 
Department  of  the  Republican  production  amalgamation  of  the  water  supply 
and  sewerage  facilities,  Ministry  of  Municipal   Services.     In  operation 
since  1985. 


Patent  staus ,   if  applicaDle: 


If  available  attach  descriptive  publications,  technical   literature, 
manufacturers'    specifications,   patent  descriptions,   etc. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  »:     USSR-Q7 


Project  Title: 
Mobile  Chlorination  Unit 


Contact 

^narne 

of* 

person,  organization,  address, 

telephone) : 

Skirk 

iavichus   A.L. 

Ministry 

of 

the  Municipal 

Services  of  the  Li 

thuanian 

SSR 

4   K.Didjulio 

St.    Vinius   232753 

USSR 

Tel    622875 

Project  Description  (Please  attach  a  schematic  diagram  if  appropriate) 

In  the  Republic  with  small   water  supply  systems  there  are  no  reservoirs 
no   second   lift  pumping  stations  or  stationary  chlorination   facilities. 
Mobile  chlorination  units   produced  in  our  Republic  are  widely  used   to 
chlorinate  the  water  supply  net  and   reservoirs  after  repair" and  for 
'preventive  purposes.     These  units   have  independent  power  supply  and  can 
be  connected  to  the  mains.     The  trailer  mounted  chlorination  unit 
consists  of  three  sections:     a  tank  with  chlorine,  equipment  sector  and 
the  operator's   section.     The  tank  with  chlorine  is  covered  by  a  steel 
casing  jacket  to  ensure  labour  safety  conditions.  The  output  of  the  unit 
is   1.5   kg/h.     The  water  pressure  in  the  chlorinated  water  supply  net 
should  not  exceed   6  atm.      Chlorine  consumption:      1  tank  per  44  km  pipe 
(<*  200  mm)  or   19  km  line   {4  300mm),  or  7km  line   («f  500mm)   or  1350  m3 
reservoir.     The  minimum  outside  temperature  is  -3Q°C. 
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Operating  and  cost  data   (including   data  on  efficiency,    results,   etc.) 

Timely  chlorination  using  mobile  units  ensures   desired  sanitary 
conditions  of  the  water  supply  system   in  small    towns  and  saves  the 
costs  of  construction  of  expensive  stationary  facilities. 


Placets)   of  instal lation/appl ication  (including  dates) 


The  mobile  chlorination  unit  is  manufactured  at  the  start-up  and 
adjustment  workshops,   the  Department  of  the  Republican  production 
amalgamation  of  the  water  supply  and  sewerage  facilities, 

Ministry  of  Municipal    Services.      In  operation   since  1984. 


Other  information   (e.g.,   funding  source,  cooperating  agencies,   etc.) 


If  available  attach  descriptive  publications,  tecnnical    literature, 
manufacturers'    specifications,   patent  descriptions,   etc. 
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WEST  GERMANY 

Code  #  Project  Title  Page  # 

WG-01         Combined  Hardness  and  Sulphate/Nitrate  Removal  WG-1 

by  the  CARIX   Ion  Exchange  Process 

WG-02         Biological    Denitrification  Followed   by  Aerobic  WG-21 

"Underground  Post  Treatment 

WG-03        Automated  Measurement  of  the  Regrowth  Potential  WG-25 

in  Raw  Water,  Treated  Water  and  Drinking  Water 

WG-04        Remediation  of  Contaminated   Sites  by  Biodegradation  WG-59 

WG-05         Preparation  of  Ca   (0H)2  Solution  for  Water  Softening  WG-73 

WG-06         Biological   Denitrification  Process  With  Hydrogen-  WG-81 

Oxidizing  Bacteria  for  Drinking  Water  Treatment 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:    WG-01 


Project  Title: 


Combined  hardness  and  sulphate/nitrate  removal 
by  the  CARIX  ion  exchange  process 


Contact  (name  of  person,  organization,  address,  telephone): 

Dr.-Ing.  habil.  Wolfgang  H.  Hoell 

Karlsruhe  Nuclear  Research  Center,  Institute  for  Radiochemistry 

Water  Technology  Division 
?.C.  Box  3640 

D-7500  Karlsruhe  (F.R.G.) 


Project  Description  (Please  attach  a  schematic  diagram  if  appropriate; 
See  attached  literature 


WG-1 


Place(s)   of  installation/application  (including  dates) 


Patent 

staus 

,  U 

appl  i 

cab! 

e: 

Europ.  Pat.  No 

.  0056850, 

US  Pat.  No. 

4,448,693 

Jap. 

Pat. 

No. 

10810,  Can 

Pat.  No.  1 

,186,075 

Aust 

Pat 

No. 

86723 

Other  information  (e.g.,   funding  source,  cooperating  agencies,  etc.) 
See  Display  Material   to   be   available   at   Conference. 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,   patent  descriptions,   etc. 
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COMBINED  NITRATE  AND  HARDNESS  ELIMINATION  BY 
THE  CARLX  ION  EXCHANGE  PROCESS 

Wolfgang  H.  H611*  and  Wolfgang  Kretzschmart 

'Karlsruhe  Nuclear  Research  Center.  Institute  for  Radiochemistry.  Water  Technology 
Division.  P.  O.  Box  3640.  D-7500  Karlsruhe.  West  Germany 

tDeutsche  BABCOGK  Anlagenbau  (WABAG).  Lichtenielser Str.  53.  D-8650 Kuimbach. 
West  Germany 
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ABS3RACI 

The   combined   application   of  a  weak-acid   ion  exchange   resin  in  the   free-acid  form  and  of  an  anion   exchanger 
in  the  bicarbonate   form  allows   a  combined  elimination  of  nitrate,   sulfate,    calcium  and   magnesium  from 
drinking  water.    The  process  uses   C0_   for  the   simultaneous   regeneration  of  both   resins.    As   a  consequence,   the 
effluent    contains   only   the  amount   of  sal",    whicr.  has  been  eliminated   ir;   tne   service   cycle.    After   a  series   of 
successful  pilot   scale  tests  the   process   nas   beer,  realized  in  a  first  full   scale  plant   in  Bad  Bappenau    (FRO) 
for  tne  treatment  of   170  B  /n. 

KEYWORDS 

CAEIX  process;    combined  nitrate /sulf ate  hardness   elimination,   partial  demineralization;   drinking  water; 
carbon  dioxide 

INTRODUCTION 

Kitrate  in  drinking  water  has  become  a  problem  since  the  groundwater  of  an  increasing  number  of  waters 
supplies   has   elevated  concentrations.    These   are   caused  by  the  too  extensive  application  of  fertilizers   in 
agriculture.    The   problem  stents    from  the    fact,    that   ir.  the   human  body  nitrate   ions    can  be   converted  te 
nitrite,   which   is   injurious   for  health    (Rohmann  and  Sonthemer,    1985  <  •    In   order  to  protect   the   consumers, 
a  standard  of  50  mg/1  has   been  introduced  in  the   countries   of  the  European   Community   ■  Eiehtlinie   des   Hates 
der   EG,    1930).    As   a  consequence   of  this   limitation  many  water  supplies   have  to  reduce  the  nitrate   content 
of  their  water.    In  the   absence   of  low  nitrate   ressources,   this   can  only  be   done  by   either  physico-chemical 
or  biological  treatment   steps. 

Application  of  ion  exchange  processes   is  one  of  the  technological  possibilities.   Nitrate  can  be  removed  by 
three   different   conventional  methods    (Clifford  and  Weber,    1977,   Roennef  ahrt ,    1983,   Schmitt,    1981*): 
i]    anion  exchange   against   chloride  ions; 
ii5  anion  exchange  against  bicarbonate  ions; 
iii)   deraineralizaticn  of  a  bypa&s  and  blending  with  untreated  raw  water. 

Apart    from  individual  differences,  these   conventional  processes  have   the   common  disadvantage,   that  the 
quantity   of  salt   in  the   effluent   of  the   regeneration  step  is  by   far  larger  than  the   quantity  which  was 
eliminated  during  the   service   cycle.    If  the  water  volumes   to  be  treated  are  big,   environmental  problems 
may   arise   from  discharging  these  effluents   into  bodies   of  water. 

THE  CAEIX  PROCESS 

This  disadvantage   is   avoided  in  the   CAEIX  process.    CAEIX   ( «CArbon  dioxide  Regenerated   Ion  exchange   resins j 
uses   a  combination  of  a  weakly  acid  resin  in  the  free  acid  form  and  an  anion  excnanger  in  the  bicarbonate 
form.    Usually  the  two  resins   are   stored   in  a  mixed  bed.    In  the  service   cycle  neutral  salts   are   replaced  by 
carbonic  acid  from  which  CO,  can  be  degassed   (H611  and  Kiehling,    1982  and   1981*,  8611,   1985): 


iCOOH). 


(HCC")2 


Ca(N0,)2 


(service) 


( re gen. 


(CCO 


IpLS 


(HO 


3   J2 


2  H2C03 


"or  regeneration  the   above  exchange   is   directly  reversed.    Carbonic   acid  is   generated  by  dissloving  CO, 
under   pressure  in  water  and  is   conducted  across   the'  mixed  be   filter.    By  this  means  both  resins    are 
reconverted  to  t.teir  original   forms.   Unlike   in  conventional  processes   both  ions   of  the   regeneration   chemical 
are   consumed   for  regeneration.   Thus   the   amount   of  salt   in  the  effluent   is   the  same  which  was  removed  in  the 
service   cycle.    Carbon  dioxide   is   required  in  excess,   however,   this  excess   can  either  be   recovered  or   it   can 
escape  into  the  atmosphere.   Therefore  there  is  no  increase  of  salt  in  tne  effluent  due  to  'unspent  regeneration 
chemicals . 

Since   carbonic   acid  is   only  a  weak  acid  yielding  in  relatively  small   concentrations   of  protons   and  riCO^  ions, 
its  regeneration  efficiency  is  limited.   There  is  no  complete   conversion  of  the  resins  to  the  free  acid'and 
the  bicarbcnate   forms.   ?art   of  the   functional  groups   of  the  excr.angers   remain  loaded  with  calcium/magnesium 
and  with   sulfate  .'nitrate   ions.   As   a  consequence  the  process   allows   only  a  partial   desineraiization   of  water. 
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However,  with  respect  to  the  treatment 
DOC   se    eoBpletaly   demineralized. 


drinking  water,   this   is   not   a  drawback,   since     drinking  water  nu.t 


Elimination  of  neutral  3alts 
Lvalenx 
.  .:.i.   __:'tening  de alkali 
cchange  of  culfats,  nitrate, 
and   anioni.      mainl, 
r.ar^ei    '.A.F.1:    tC   :c   adap 
is  the  predosinatn  softening 
concentration    of  nitrate   and 
large.    If  the  elimination  o: 
he   selected   ir,   a  way,   tha*    tbi 
anion  exchanger  volume   s.-.ou. 
migr.t   lean  tc   tne  precipitati 


as   indicated  ir.   the   fundamental    formal  equation  of  Che   process   principle  occu-s 
i.ge   rates   in   tne    filter.    If  *.:.er~   is    ar.   rMcess   of   cation  excr.ange   ai. 

atior.   taxes   place.    Ir.   case   of  an   excess   of  anicr.  exchange,   an   additional 

ana  cr.loride   against   Bicarbonate     occurs.  lent        [sine 

j   lue  to  the   according  quantities   of  tiie  exchange  resin*   in  *.:.<:■   filter.    Thil 
ted  to  individual  treatment   objective!  or  raw  water  q^alit.es.    If  the  ocjecti /e 
lealkalilfttioG,   accompanied  bj   a  comparatively   smal.  reduction  of  the 

sulfate,   tr.er.  the  volume   of  the   cation  exenanger  in  the  mixture  has  tc  be 
anions  of  strong  acids  is  to  be  emphasized,  the  anion  exchanger  volume  has  tc 
ere  is   approximately  a:,  elimination  of  neutral  salts.   A  further  increase  of  tne 

be   avoided,   since   tne  pure   sulfate /nitrate   exenange   against    nicaroonatt   ions 
on   of  sc-id   laCC     Within  the   resi:.   filter    ih'oll,   Kretzscnmar ,   and  Steel,    I96t  ] . 


ESCKlHaU,  SCALE   TESTE 

The  ZAB1V.  demineralization  principle  was  first  tested  in  laboratory  scale  plants  in  different  water  worr-t 
at  throughputs  up  to  150  1/h.  Tests  with  particular  respect  to  nitrate  removal  were  carried  out  in  3ochol" 
[FRG)<   wnere  the  raw  water   contained   aoout    l.ii  mmol/1   HO. .    Details   about   the  test   series   are  giver,  in  prev  ous 

and   Feiersteir. ,    1960a,.    The  results    of  tnese  tests   aemonstrated   that    CtSIX  allow? 
a  sufficient  removal  of  nitrate,   but  also  of  sulfate   and  calcium/magnesium.    Taut   it   Bight  oc   applied  in  tie 
treatment   of  drinkiruj  water. 

The    further  development   of  the  process  until  technical  applicability  tooe  place  within  a  cooperation  and 
licence   contract  with  tne  WASAG  company   from  Kulmbach   !FRG;.   A  mobile  pilot   plant  was  constructed  for 
throughputs   of  uf  to  5  m''h  and   00.   pressures   of  up   to   10  bar.    This  plant   wnicn   contained   about   700  liters 
of  resin  mixture  was  operated   in  different   water  works   in  the   Federal  Republic   of  Germany  with   different 
objectives   of  treatment     Feuerstein   and  co-workers ,    i960,   Feuersteir.   and   Hell,    1965  -  - 


Tests   with  respect   to  .titrate  removal  were   carried  out   in  a  water  work  witn   a  raw  water   containing   1.5  mroi.'l 
of  nitrate  and   1.3  umoi/1  of  sulfate.   Kitrate  content  was  to  be  reduced  below  the  EC  standard.   For  these 
experiments  a  resin  mixture  consisting  of   16c   liters  of  cation  exchanger  and  500  liters   of  anion  exenangtr 
(corresponding  to  a  ratio  of  volumes  of  V  /V     «  1:3)  was  used.   CO-  pressure  during  regeneration  was  5  bai  . 
Breakthrougn  curves  of  one  of  these  experiments   are  plotted  in  Fig.    I,    Initially  the  nitrate  coneentratit  n 
is  reduced  to  about  30  ag/1,   after  a  throughput  of  35  bed  volumes  the  limit  of  50  mg/1  was  exceeded.   Witt  in 
the   sane  period  the   sulfate   concentration     was   reduced  by   approx.    ?5".    In   these  tests   about    205  of  the   ri  w 
water  were   used   for  regeneration  and  rinsing.    Tne   consumption   of  carbon   dioxide  was   in   the   range   of  0.7   •  o 
1 . o  kg/m"  of  product  water . 
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Fig.    1 :   Breakthrough  curves   from  pilot   scale  experiments 

Although  the  maximum  throughput  was   only   in  the  range  of  30  to  1»C  bed  volumes   of  raw  water  until  the  Unit 

of  50  mg/1  was  exceeded,  the  results  indicated  that  CARTX  allows  a  partial  demineralization  of  water  including 

nitrate  removal  which  is  both  sufficient  and  economic  for  the  treatment   of  drinking  water. 

FULL  SCALE  REALIZATION 

Pilot  scale  experiments  had  also  been  carried  out  with  the  Hater  Supply  Group  "Muhibaeh"  around  the  cit;    of 
Bad  Happenau.   In  this  region  the  groundwater  contains,  about  5-^  mmol/1  of  calcium  and  magnesium  iequall:ng 
a  hardness  of  fkQ  ng/1)   and  about  to  mg/1  of  nitrate,  which  has   strongly  increased  during  the  last   five 
years.    Based  on  the   promising  results   of  these  test   series,   the  Water  Supply  Group  decided  to  build   a 
TA5.IX  plant    for  the  treatment   of   170  m'/h.    The  objectives   of  treatment   were: 
i)   the  reduction   of  hardness   to  2.7  amol.'l    !»27C  mg/1),    and 
ii  '    the  reduction  of  the  nitrate   concentration  to  25   mg/1. 

A  flow  scheme   of  the,piant   is   given  in  Fig.    2.   A  total  resin  quantity  of   39  m"   is   stored  in  three   filte-s, 
eacr.   containing   16  mJ  of  cation  exchanger   and    I?   m*   of  anion  exenanger.    Two   of  the   filters   are   always 
operating  in  the  service  cycle,  whereas  the  third  one  is  regenerated.   Thy  cyclic  switch  of  the  filters    .s 
as  follows:    Each   filter  remains   in  the   service   cycle   until  a  maximum  throughput   of  -1  bed  volumes   of  rav 
water.   After  half  of  this  througnput  the   second  filter  goes   ir.to  service   and  tne   third  one   is   regenerated , 
and  so  on.   As   a  consequence,   one   filter  is   always   operating  along  the   first  half  of  the   breakthrough   cu-v;s 
the  second  one   along  the  second  half.   The  mixed  product  water  of  the  two  filters  goes   into  a  degasifier,  in 
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Combined  nitrate  and  hardness  elimination 

wcicr.  unspent   CO.   is  degassee  and  tr.e  carbonate  balance  is  adjusted,  .regeneration  is   carried  out   in  counter 
flow  using   carbonic   acid   from  a  separate   vessel,  which  is  Kept  under   a  (XL  pressure   cf  •    oar.    Tne   spent 


regenerant    passes   a  vacuum   cegasifier   in  which  the  major  part 
!  a:.',    into  trie   regenerant   -an/.. 


the  unspent    CO     is   recovered  and  pumped 


<D 


Fig.  2:  Scheme  of  the  CAEIa  plant 
filters,  2  =  carbonic  acid  vessel 
-  ■  product  water  degasifier  ,  5  - 
"   -  waste   water,   6  s   CO.    stock,    3 


in  Bad   happer.au.    I   ■  resir. 

:  ■  vacuum  degasifier, 
raw  water,   t    ■  product   water, 
•   CO,   recovery   devi  ce . 


instruction  of  the  plant   was   started  in   fall    l9Sk  and   in    februery    1986  the   pi 
:.;  water.   Figure   3  snows   a  view  of  part   of  the   installation. 


west   into 


reduction 


Fig-    3i   View  of  the   OAEIX  plant   in  Baa  Rappenau  with  the 
regenerant  vessel   (top  left),  two  of  the   filters     top 
right    ,   the   control  board    (centre),   sod  the   CO..   recovery 
devices   (bottom). 

la   accordance  wit:,   the   original  objectives   tr.e   concentration  of  nitrate  is  reduced  to  about   25   ag,  1  whereas 
the  softening  is   even  better  than   intended  since   the   concentration  of  calcium  and  magnesium  is   diminished 
to  only   2.U  mmcl/i    '«2UC  ag/1  hardness'      as  becomes   obvious   from  figs,    fc   and  ;•   Regeneration   and  rinsing 
renuire   about    IOS   :f  the   raw  water.    Fart   of  the   regenerant  solution   and  the   rinsing  water   are   reused   for 
regeneration.    Qm  waste  water  wnica   contains   me   salt    is   directeiy   conducted  to  the   river   Nectar. 

the   consumption  of  CO,   amounts  to  0.25   Kg/m"   of  product  water,   that   of  electric  energy  to  C.2  aHo/«  .    Based 
onprices  of  EM  300.-  per  ton  of  CO     and  of  DM  0.2/kWh   for  electric  energy,   the   specific   operation   costs 
'including  manpower)   are   DM  C.15  per  tT  of  product  water.    The   total  costs   for  the  plant,  the  building  and 
a   1200  c"   reservoirwere   DM  7,300,000.-.   The   construction  of  this   first   CARIX  plant  was   supported  by  both 
the   lermar.  Ministry  cf  Hesearch  and  Development   and  the  State   of  Baden-Wurttemberg  by  a  total  of  DM 
5,600,000.-.   Thus  tne  capital  costs   are  only  DM  0.  tfi/m  .   The  cost  of  the  treatment  by  the  CARIX  plant  are 
cutveigr.ed  by  two  facts: 

:      the    lOiSuaptiao   of  detergents   can  be   reduced  by   UOS,   and  , 

ii]   hone  softeners,   causing  additional  costs   in  tne  range   of  DM  2.50/m"'  are  no  longer  necessary. 

tests  v:th  bitrase  szizcti'.i  hfs::;c 

V.'-.t.-.   respect   to  the  removal  of  nitrate   ions,    conver.tior.al   anion  exchange   resins   have   the   common   disadvantage 
:..-,:    ftivalaat    anions   lii«   sulfate   are   generally   preferred   over  monovalent   ions   line   nitrate. 2ws  the 
ce-ertting  capacity   for  nitrate  becomes   small   if  the   raw  water   contains   too  much   sulfate     3AYF.F  AG,    i9oc.. 
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?ig.    -:    Iievelopment   of  alkalinity   and  total  hardness   in   '.:.e 
raw  and  product  water  during  the  first  half  year  of  service. 


15  9  36 


Fig.   5-   Development   of  nitrate   and  sulfate   concentrations 
in  the  raw  and  product  water  during  the  first  half  year 
of  service. 

during  the  last  years  various   attempts   have   been  made   to  overcome  this   drawback.    The   selectivity   for  nitrite 
car   be   improved  by  reducing  the   total   capacity   of  the   resin.    As   a  consequence   the  distance  between   two 
functional  groups  becomes   larger  vhicr.   hinders   the   sorption   of  bivalent   anions.   A  resin   of  this   type  is 
AK3ESLITS   IfU    -    -      "ox  and   co-workers,    193'''-   However,   since  this   resin   is   very   strongly  basic,   the   effi- 
ciencj   of  regeneration  with   CO.  was  very  poor,  yielding  in  no  proaising  application.   Another  possibility 
Of  generating  nitrate  selectivi  resins  is  the  introduction  of  stronger  Hydrophobic  groups  into  resins  of 
urual   :apaci~v      Suffer ■    1982).   An  exchanger   of  this   type  is   AMBERLITE  IRA  956.    Figure  6   shows   the   binary 
;-;lf  ate  -'nitrate  equilibrium,  which  visualizes  the  preferred  uptake  of  nitrate  ions. 


Fig.    6:   Binary   equilibrium  of  the   HO./SOf 
exchange  on  A.M3EE1ITE   IRA  996- 


Tests  wit*  this  resin  in  the  laboratory  and  the  pilot  scale  demonstrated  the  general  disadvantage  cf  eac  1 
resir.  iiith  particular  affinities  towards   certain  ions:   the  preferred  uptake  of  these  ions  leads  to  losses 
in  regeneration  efficiency.    If  a  resin  mixture  with  this   anion  excnanger   is  regenerated   in  the   described 
vey    :r.ly  by   ;t_    and  water,   the   effective   capacity,   which   can  be  produced  does   not   lead  to  an  economic   SC, 
removal.    CaCO.~r.as  to  be   added  in  the  regeneration  step    .H6I1   and  rliehiing,    1961* )   in  order  to  generate 
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Combined  nitrate  and  hardness  elimination 

3y  this  aeons,  an  inproved  nitrate  elimination 
is   achieved,   however,    a  filter   for  removing  suspended   solids   from  trie  waste  water  sight   oecoae   necessary 
Holl,    198'  I. 
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The  CARIX®  Process  for  Removing  Nitrate,  Sulphate 

and  Hardness  from  Water 

Le  procede  CARIX®  d' elimination  des  nitrates,  du  sulfate  et 

de  la  durete  de  I'eau 

K.  Hagen,  WABAG  GmbH  &  Co.  KG,  Postfach  2049,  D-8650  Kuimbach 
W,  Holl,  Kernforschunzszentrum,  Karlsruhe  GmbH,  Postfach  3640,  D-7500  Karlsruhe 
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Introduction 

A  method  suitable  for  the  preparation  of  drinking  water  was 
developed  during  197S  and  1982  at  the  Karlsruhe  (KfK)  Nuc- 
lear Research  Centre.  This  method  effects  the  partial  softening 
of  water  and  the  removal  of  nitrate  and  sulphate  with  the  help 
of  ion  exchangers.'"'  The  further  development  of  the  method 
tor  technical  application  was  earned  out  bv  WABAG  in 
kuimDacn.  Tne  method  is  called  the  CaRIX  process 

The  principle  of  the  CARIX  process  is  based  on  the  use  of 
:on  exchange  processes  The  required  processes  are  earned  out 
with  a  weakly  acidic  exchanger  in  the  aad  form  and  an  anion 
exchanger  in  the  HCO,  form.  Both  exchangers  are  employed 
together  in  a  mixed  bed  ana  are  regenerated  together  in  one 
operation  with  carbon  dioxide  The  process  has  been  tested  in 
a  pilot  plant  in  several  waterworks  using  a  mobile  experimental 
plant,  and  it  was  found  that  it  can  be  used  for  an  economical 
partial  demineralisauon  of  drinking  water.  The  first  cen- 
tralised large  scale  plant  for  softening  water  and  reducing  the 
nitrate  content  was  constructed  in  Bad  Rappenau  (FRG)  and 
started  operation  in  January  1986.  The  plant  was  conceived  to 
treat  170  nrVh, 

The  principle  of  the  CARIX  process 

The  CARIX  process  is  based  on  the  combined  use  of  a  weakly 
acidic  exchanger  in  the  free  aad  from  and  an  anion  exchanger 
in  the  HCOT  form  in  a  mixed  bed.1"* 


In  contact  with  raw  water  containing  dissolved  salts,  the  ex- 
changers remove  neutral  salts  from  solution  and  liberate  equi- 
valent amounts  of  carbon  dioxide.  When  the  exchange  resins 
are  exhausted,  they  can  be  regenerated  by  bringing  them  into 
contact  with  a  concentrated  carbon  dioxide  solution.  In  con- 
trast with  conventional  mixed  bed  processes,  the  resins  in  the 
CARIX  process  need  not  be  separately  regenerated  because 
each  of  the  mixed  resins  favourably  influences  the  regenera- 
tion of  the  other.  .As  can  be  seen  from  equation  (1),  only  the 
salt  removed  from  the  water  dunng  the  service  phase  is  re- 
leased into  the  regeneration  effluent.  In  contrast  with  conven- 
tional exchange  processes,  the  regeneration  chemicals  do  not 


increase  the  salt  load  of  the  regeneration  waste  water  When 
the  concentration  of  dissolved  CaCOi  and  CaSO,  exceeds  sat- 
uration, the  amount  of  dissolved  salts  in  the  waste  water  is  less 
than  the  amount  removed  from  the  raw  water  For  this  reason. 
the  process  is  particularly  environmentally  compatible. 4J 

A  substantial  property  of  the  CARIX  process  is  the  influ- 
ence of  the  volumetric  ratio  of  the  two  exchangers  on  the  type 
of  demineralisauon.4  Thus  it  is  possible  to  varv  the  ion  ex- 
change properties  of  the  mixed  bee.  When  the  filter  contains  a 
high  proportion  of  the  anion  exchanger,  the  anions  of  stroneer 
acids  are  eliminated  together  wi in  neutral  salts  in  exenange  for 
HCO,  ions. 

When  the  proportion  of  canonic  exchanger  ts  increased,  an 
additional  decarbonizacion  occurs.  If  the  main  aim  lies  in  de- 
creasing tne  anion  concentration  in  tne  water,  a  mixture  with  a 
high  proportion  of  anion  exchanger  must  be  used  and  the  re- 
generation can  be  earned  out  in  the  presence  of  CaCO)  in 
order  to  increase  the  pH  value.  When  alkaline  earths  mainly 
have  to  be  eliminated,  the  proportion  of  cation  exchanger  must 
be  higher  and  the  regeneration  should  be  earned  out  without 
the  presence  of  CaCOv 

Due  to  the  fact  that  the  type  of  demtneralisation  can  oe  influ- 
enced in  this  wav.  the  process  can  be  modified  to  sua  raw 
waters  containing  different  types  and  concentrations  of  sails. 
or  modified  to  achieve  a  particular  water  treatment  aim  merely 
by  selecting  suitable  exchangers  or  by  changing  the  ratio  of  the 
two  ion  exchanger  in  the  mixed  bed.  The  combined  neutral  salt 
eliminanon/decarbonisation  has  a  favourable  effect  on  the 
product  water  because  the  ratio  of  the  concentration  of  hydro- 
carbonate  to  that  of  anions  of  stronger  acids  does  not  change 
very  much.  After  the  CO:  produced  dunng  the  demineralisa- 
tion  step  has  been  removed,  the  water  produced  possesses, 
from  a  corrosion  chemical  point  of  view,  favourable  proper- 
ties. As  a  result  of  being  able  to  vary  the  extent  of  neutral  salt 
elimination  and  decaroomsanon  it  is  also  possible  to  chanee 
the  ratio  of  carbonate  hardness  to  non-carbonate  hardness 
with  the  CARIX  process,  which  is  principally  not  possible  with 
other  processes  with  which  a  complete  dcmineralisauon  of  a 
pan  of  the  water  ts  effected. 

Description  of  the  operation  of  a  CARIX  plant 

The  process  is  shown  schematically  in  Fig.  1.  The  raw  water  (51 
enters  the  top  of  the  filter  and  flows  through  the  bed  in  a  down- 
wards direction. 

In  the  scheme,  the  filter  ( 1 )  on  the  left  is  in  operation  and  the 
filter  (1)  on  the  nght  is  being  regenerated.  Regeneration  and 
operation  alternate  in  such  a  way  that  one  filter  is  alwavs  in  op- 
eration while  the  other  filter  is  being  regenerated. 

After  passing  measunng  and  control  devices,  the  water  is 
distnbutedon  to  the  filter  in  service  and  permeates  through  the 
mixed  bed  consisting  of  a  weakly  acidic  cation  resin  and  a 
strongly  basic  anion  resin.  The  water  leaves  the  filter,  flows 
througr.  further  measunng  and  recording  devices  and  degasifi- 
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1  fitter  in  operation 

2  reaction   finn 

3  vacuum  degasifier 
•  CaCOj-dosing  unit 


5  raw  wafer 

6  dear  wafer 

7  eiuare 

8  COj-storage  lank 


9  COj-vacuum/compressor  unit 

10  t07-oegasifier 

11  COj-circulation  pump 


Tig.  1.  Scneme  or  an  alternating-step  plant.  single-Mage 


cation  is  effected  in  the  CO:  degasifier  (10)  where  all  the  excess 
carbon  dioxide  is  removed.  The  purified  water  (6)  is  ready  for 
distribution. 

The  Filter  is  regenerated  with  a  fluidised  bed  process.  The  re- 
generation solution  is  prepared  in  the  reaction  tank  (2)  and  its 
comDosmon  is  dependent  on  the  raw  water  analysis  and  the  re- 
quired quality  of  the  product  water.  In  the  case  of  nitrate  elimi- 
nation, the  solution  is  prepared  from  raw  water  (5),  CO:  from 
the  storage  tame  18).  retrieved  excess  CO'_  from  (9)  and  a  sus- 
pension of  calcium  carbonate  produced  in  the  CaC03  feeder 
(4).  CaCOj  addition  is  not  needed  when  the  main  function  of 
the  plant  is  water  softening. 

The  internal  circulation  of  the  regeneration  solution  is  ear- 
ned out  with  a  circulation  pump.  The  regeneration  solution  is 
pumped  from  the  reaction  tank  (2)  into  the  exhausted  filter 
[the  right  hand  filter  (1)  in  the  flow  diagram]  where  the  counter 
current  of  regeneration  solution  regenerates  the  resin  bed.  The 
solution  leaves  the  filter  at  the  upper  part  at  the  side  of  the  fil- 
ter as  eluate  (dashed  line).  During  the  regeneration  operation, 
the  level  of  the  regeneration  solution  is  held  constant  by  means 
of  a  level  control.  The  eluate  (=  regeneration  waste  water) 
passes  to  the  vacuum  degasifier  (3)  where  the  CO:  is  released 
from  the  eluate.  The  eluate  degasifier  and  the  pure  water  de- 
gasification  chamber  can  be  united  to  a  compact  unit.  The  CO: 
retrieved  from  the  eluate  is  passed  back  to  the  reaction  tank  (2) 
via  the  CO:  vacuum/compression  unit  (9).  With  the  help  of  a 
CO;  circulation  pump  a  portion  of  the  gaseous  CO:  is  perma- 
nently recirculated  to  effect  an  agitation  of  the  resin.  In  this 
way .  an  agglomeration  of  the  resin  layer  during  regeneration  is 
prevented. 

The  complete  regeneration  procedure  as  described  above 
takes  about  3V:  -  4  h  to  perform.  After  the  operating  filter  has 
been  in  operation  for  about  5  h  the  other  freshly  regenerated 
filter  is  brought  into  operation  as  well,  so  that  the  first  one  can 
be  taken  out  of  operation  wtien  its  capacity  has  been 
exhausted.  Thus  with  two  filters,  a  continuous  production  of 
purified  water  is  guaranteed;  while  one  filter  is  in  operation  the 


other  filter  is  being  regenerated  or  is  standing  by  for  use.  In  this 
way.  the  plant  can  always  run  at  nominal  capacity. 

Partial  results  of  the  pilot  experiments'' 

Nitrtue  reduction  as  the  main  aim  —  an  example 

Investigations  were  earned  out  in  one  water  works  with  the 
aim  of  reducing  the  level  of  nitrate  in  drinking  water.  During 
the  experimental  period,  raw  water  was  available  which  had  a 
nitrate  content  of  1.33  ±  0.22  mol/nV  =  82.5  t  13.6  mg/1  and 
a  sulphate  content  of  1.25  r  0.34  mol/mJ  *  120.0  ±  32.6  mg/1. 
The  resin  mixture  consisted  of  166 1  Amberlite  IRC  50  and  500 
1  Lewaut  M  600  corresponding  to  a  volume  ratio  C.A  ■  1:3. 

The  filling  level  in  the  filter  was  1.33  m  and  the  throughput 
2-3  mJ/h  which  corresponds  to  a  filtration  velocity  of  Vf  ■ 
6  m/h. 

In  order  to  be  able  to  juage  the  results  of  the  treatment,  the 
amount  of  denitrified  water  which  could  be  produced,  before 
the  nitrate-limit  of  0.8  mol/mJ  NOj  was  reached,  was  used  as  a 
measure  of  the  performance. 

A  typical  result  of  the  partial  demineralisation  experiments 
is  shown  in  Fig.  2.  Due  to  the  fan  that  the  produced  water  in 
this  case  was  collected  in  a  storage  tank  before  delivery,  the 
salt  concentrations  in  the  mixed  water  calculated  from  indi- 
vidual analyses  of  the  effluent  are  plotted  against  time  and  the 
throughput.  Corresponding  to  the  higher  affinity  of  the  anion 
exchanger  for  bivalent  ions,  sulphate  was  removed  better  than 
nitrate.  The  nitrate  concentration  in  the  mixed  product  water 
reached  the  EEC  limn  after  about  40  bed  volumes.  The  sul- 
phate content  was  simultaneously  reduced  by  72% . 

The  investigations  on  the  optimisation  of  the  regeneration 
conditions  showed  that  an  addition  of  a  CaCO,  suspension  was 
favourable  to  the  regeneration  of  the  anion  exchanger  because 
it  caused  an  increase  in  the  HCOT  concentration  in  the  regen- 
eration solution.  As  a  result,  the  run- time  could  be  improved 
and  the  residual  nitrate  concentration  decreased  by  30%.  The 
regeneration  was  earned  out  with  6  bed  volumes  of  raw  water. 
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Fig.  2.  Course  of  mixed  water  concentration  in  a  partial  dernineraiisa- 
uon  test  aimed  ai  nitrate  elimination  (flow  rate:  3mJ/h,  volume  ratio 
C:A  -  1:3) 

one  bed  volume  was  required  for  flushing.  The  regeneration 
waste  water  containing  about  3  mol  nurate/m'  can  be  released 
into  the  receiving  waters  without  problem 

Large  scale  realisation 

As  a  result  of  the  findings  from  the  demonstration  tnais  with 
the  pilot  plant,  tne  administrative  union  ot  the  water  distnou- 
tion  group  in  Muhlbach'"0  decided  to  install  a  CARIX  plant  in 
Bad  Rappenau  (FRG>  for  the  purpose  of  water  softening.  A 
simultaneous  nitrate  elimination  was  of  equal  importance  in 
this  case. 

Erection  of  the  plant  was  started  in  November  1984.  and  the 
piant  was  completed  in  October  1985.  It  has  been  conceived 
for  a  throughpui  of  170  nr'.'h.  A  total  exchanger  volume"  of 
Sim-5  is  distributed  m  three  filters,  of  which  two  operate  atone 
time  ;o  uphold  the  nominal  capacity  while  the  third  is  regener- 
ated (see  the  scheme  in  Fig.  3). 
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Fig.  3.  Simplified  scheme  of  the  large-scale  plant  m  Bad  Rappenau 
(FRO) 


Each  filter  is  regenerated  after  treatment  of  a  volume  of 
water  equivalent  to  31  times  the  volume  of  the  resin  filling.  Be- 
cause the  residual  salt  content  in  the  filtrate  increases  with  in- 
creasing run-time  the  running  of  the  filters  is  staggered  m  time 
and  with  regard  to  the  remaining  capacity  of  the  exchanger 
This  effects  a  buffering  of  the  clean  water  quality  (Fig.  4)  espe- 
cially after  muting  in  the  product  water  reservoir 
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Fig.  4.  Course  of  mixed  water  concentration  in  a  partial  demineralisa- 
uon  test  aimed  at  sottening  water  (flow  rate:  3.5  mJ/h,  volume  ratio 
C.A- 2:1) 


The  total  cost  of  the  protects  amounts  to  about  7.3  million 
DM  of  wnich  4  million  DM  are  due  to  the  bare  exchanger 
plant.  If  the  exchanger  plant  is  paid  off  with  12%/year.  this 
alone  results  in  a  cost  of  DM  0. 32/nr1  of  water.  With  the  cost  of 
carbon  dioxide  being  DM  250/ton  and  including  the  energy 
costs  for  regeneration,  compression  and  degasification  a 
further  DM0. 19/™*  have  to  be  added.  The  cost  of  treating  raw 
water  in  the  CARIX  plant  thus  amounts  to  DM  0.5Vmii 
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2  he  combined  application  of  a  weaK-acta  ton  exchange  resin  in  the  free-acia  form  and  of 
an  anion  exchange  resin  in  the  bicarbonate  form  allows  a  partial  demoralization  of 
water.  The  particular  advantage  of  this  process  is  that  CO,  can  be  used  for  the 
simultaneous  regeneration  of  both  resins.  As  a  consequence,  the  effluent  contains  only  the 
amount  of  salt  which  has  been  eliminated  in  the  service  cycle.  The  present  paper  discusses 
results  of  field  tests  of  the  process  with  a  mobile  pilot  plant  in  the  case  of  drinking  water 
deminerahzation. 


1.  INTRODUCTION 

During  conventional  demmerajization  of 
water  by  strong-electrolyte  ion  exchange  re- 
sins the  dissolved  salts  are  replaced  by  water 
molecules 


R~7H     +  Na 
Ra-OH  +C1 


Re-Na 

R~T£I 


H,0 


After  exhaustion  of  the  resins,  these  are  re- 
converted to  the  free  acid  and  base  forms  bv 


Paper  presented  at  the  Symposium  on  Progress  in  Ion 
Exchange  Processes.  Division  of  Industrial  and  En- 
gineering Chemistry.  American  Chemical  Society. 
Philadelphia.  PA.  U.S.A..  August  28-29.  1984. 


means  of,  for  example,  HC1  and  NaOH 


Rc-Na  +HC1       -R^K     ^NaCl        (2a) 
Ra-Cl   +NaOH  -Ra-OH  +NaCl       (2b) 

This  kind  of  regeneration  is  efficient,  yet  has 
two  disadvantages:  only  protons  and  hy- 
droxyl  ions  are  consumed  whereas  the  colons 
double  the  quantity  of  salt  in  the  effluent. 
Furthermore,  the  strong-electrolyte  resins  re- 
quire high  excess  quantities  of  chemicals  for 
regeneration  [1,2]. 

Various  attempts  have  been  made  in  order 
to  overcome  these  drawbacks.  In  the  DESAL 
Process  the  dissolved  salts  are  replaced  by 
carbonic  acid.  During  regeneration  carbon  di- 
oxide is  used  for  the  conversion  of  the  anion 
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exchanger  to  the  bicarbonate  form.  Since  only 
weak-electrolyte  resins  are  used,  only  little 
more  than  the  theoretical  minimum  of  200% 
salt  is  produced  [3.4].  Any  further  reduction 
of  salt  quantities  in  the  effluent  is  possible 
only  if  the  product  compound  of  the  service 
cycle  can  be  used  for  regeneration  of  both 
resins.  This  concept  has  been  realized  in  the 
Sirotherm  process,  which  in  the  regeneration 
step  makes  use  of  the  increased  dissociation 
of  water  molecules  at  rusher  temperatures 
[5.6]. 

Both  basic  ideas — the  exchange  of  salts 
against  carbonic  acid  as  well  as  the  use  of  the 
product  compound  for  regeneration — are 
combined  in  the  CAR1X  Process  *. 

Demineralizaiwn 


R -COOH  Rc-COONa 

'      _    +NaCl-_i +H2C03 

Ra-HC03  R.-Cl 

(3a) 


Regeneration 


low  concentrations  elimination  of  salts  takes 
place,  whereas  at  high  concentrations  the  re- 
sins are  regenerated. 

As  was  shown  in  fundamental  investiga- 
tions, the  regeneration  method  leads  only  to  a 
partial  conversion  of  the  resins  to  the  free 
acid  and  the  bicarbonate  forms.  As  a  conse- 
quence, the  process  allows  only  a  partial  de- 
mineralization  of  water,  as  needed,  for  exam- 
ple, for  drinking  water  treatment.  Usually,  the 
effective  cation  and  anion  exchange  capaci- 
ties, produced  in  the  regeneration  step,  are 
not  equal  since  both  exchange  processes  are 
not  coupled  stoichiometrically.  Furthermore, 
filter  capacities  can  be  influenced  by  the  ratio 
of  exchanger  volumes.  Thus,  apart  from  the 
removal  of  neutral  salts,  an  additional  elimin- 
ation of  either  cations  or  anions  occurs.  This 
leads  to  the  possibility  of  adapting  the  process 
to  individual  problems  of  water  treatment 
[8-11]. 


2.  TECHNICAL  SCALE  TESTING 


I 
I 


2.1  Process  concept 


Rc-COONa 


Rc-COOH 
R8-HC03 


(3b) 

By  the  combined  application  of  a  weak-acid 
cation  exchanger  in  the  free  acid  form  and  an 
anion  exchanger  in  the  bicarbonate  form  dis- 
solved salts  are  replaced  by  carbonic  acid. 
However,  if  the  exhausted  resins  are  treated 
with  carbon  dioxide  and  water,  they  are  re- 
generated. As  is  obvious  from  eqn.  (3),  the 
effluent  of  the  regeneration  step  contains  only 
the  quantity  of  salt  that  was  eliminated  dur- 
ing the  service  cycle.  The  direction  of  ex- 
change depends  on  the  C02  concentration.  At 


"   CARIX  —Carbon     dioxide     /?egeneraied 

e.Vchangers  [7]. 


From  the  formal  equation  (3),  which  de- 
+  NaCl  scribes  the  basic  principle  of  the  process,  it 

can  be  deduced  that  a  close  contact  between 
both  resins  and  a  common  solution  will  favor 
elimination  of  salts  as  well  as  regeneration  of 
the  resins.  In  both  cases,  the  simultaneous 
contact  between  the  solution  and  the  resins 
keeps  the  pH  at  favourable  intermediate  val- 
ues [12].  As  a  consequence,  the  exchangers 
should  be  used  in  a  mixed  bed  which  repre- 
sents the  simplest  and  most  effective  technical 
solution.  The  two  components  need  not  be 
separated  for  regeneration,  as  in  conventional 
mixed  beds.  Service  cycle  and  regeneration 
can  be  realized  in  a  usual  counterflow  tech- 
nique. However,  during  regeneration,  precipi- 
tation of  CaCO,  and  CaS04  may  lead  to 
/on  agglomeration  of  resin  material.  In  order  to 
avoid  any  kind  of  scaling,  the  resin  bed  has  to 
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be  agitated  or  fluidized  during  regeneration. 

Fundamental  investigations  about  the  ef- 
ficiency of  regeneration  have  shown  that  a 
methacrylic  resin  should  be  used  as  cation 
exchanger.  The  anion  exchange  resin  must 
adsorb  bicarbonate  ions  and  should  be  disso- 
ciated at  pH  values  of  about  7.  The  best 
esuits  have  been  obtained  with  strong-base 
resins  of  Type  II  and  with  acrylic  resins. 

2.2  Pilot  plant 

After  the  applicability  of  the  process  for 
drinking  water  treatment  had  been  proved 
[10.13].  the  CARIX  Process  was  to  be  tested 
on  a  technical  scale  so  as  to  establish  if  it 
allows  an  economic  partial  demineralization. 
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In  accordance  with  a  cooperation  agreement 
with  the  Karlsruhe  Nuclear  Research  Center. 
the  WABAG  company  built  a  pilot  plant  for 
a  maximum  throughput  of  5  m3/h  and  CO, 
pressures  during  regeneration  of  up  to  10  bar. 
Figure  1  shows  a  view  of  the  plant.  The 
mixture  of  700  !  exchanger  matenal  is  packed 
in  a  filter  of  0.5  m2  cross-sectional  area  and 
1.6  m  height.  During  the  service  cycle  raw 
water  percolates  from  top  to  bottom  (Fig.  2). 
In  the  counterflow  regeneration  step  the  raw 
water  below  the  bottom  of  nozzles  is  continu- 
ously saturated  with  CO:  through  a  superim- 
posed secondary  circuit  and  then  pumped 
through  the  resin  bed  together  with  gaseous 
CO:  which  fluidizes  the  resin  matenal  (Fig.  3). 
In  order  to  keep  the  pH  of  the  regeneration 
solution  at  favourable  ranges  for  the  conver- 
sion of  the  anion  exchanger  to  the  bi- 
carbonate form,  a  CaC03  suspension  can  be 
fed  to  the  filter.  The  regenerant  leaves  the 
filter  through  a  vent  in  the  top  and  enters  an 
expeller  in  which  the  unspent  CO:  is  re- 
covered and  pumped  back  into  the  inter- 
mediate CO:  tank.  This  tank  is  connected 
with  the  CO:  stock. 


3.  RESULTS  OF  FIELD  TESTS 

The  pilot  plant  has  so  far  been  tested  in 
several  water  works  in  the  Federal  Republic 
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of  Germany  with  different  objectives.  The 
first  experiments  were  earned  out  in  a  water 
work  in  which  the  raw  water  contains  1.3 
mmol/1  of  nitrate  and  1.3  mmol/1  of  sulfate. 
The  particular  objective  of  these  tests  was  to 
reduce  the  nitrate  content  to  below  the  future 
standard  for  drinking  water  of  0.8  mmol/1 
(-  50  mg/1).  According  to  the  desired 
elimination  of  anions,  the  resin  mixture  con- 
sisted of  166  !  of  the  methacryhc  canon  ex- 
changer Amberluc  IRC  50  and  500  1  of  the 
Type  II-resin  Lewatit  M  600.  corresponding 
to  a  volume  ratio  Vc :  Vt  of  1 : 3.  Regeneration 
was  carried  out  with  seven  bed  volumes  of 
raw  water  at  a  CO,  pressure  of  6  bar  and  with 
addition  of  CaCO,  suspension.  In  the  service 
cycle,  the  rate  of  filtration  was  6  m/h  which 
had  been  found  to  be  the  optimum  rate.  Fig- 
ure 4  shows  typical  breakthrough  curves  of 
nitrate  and  sulfate  ions.  Nitrate  concentration 
was  reduced  to  about  0.5  mmol/1  and  the 
limit  of  0.8  mmol/1  was  reached  after  a 
throughput  of  35  bed  volumes.  The  sulfate 
concentration  was  strongly  reduced  by 
75-80%,  owing  to  the  stronger  affinity  of  the 
exchanger  for  divalant  ions.  As  is  obvious,  the 
quality  of  the  product  water  is  not  constant. 
In  order  to  equalize  the  concentrations,  the 
product  water  has  to  be  stored  and  mixed  in  a 
reservoir,  the  concentrations  of  which  are 
shown  in  Fig.  5  as  a  function  of  time  and 
throughput,  respectively. 

The  results  indicated  that  a  water  yield  of 
about  80%  is  reached.  This  means  that  20%  of 
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Fig.  4.  Breakthrough  curves  of  nitrate  and  sulfate  ions 
during  experiments  in  the  Petershagen  Water  Works. 
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Fig.  5.  Development  of  nitrate  and  sulfate  concentra- 
tions in  a  reservoir,  which  is  supplied  by  the  product 
water  of  Fig.  4. 


the  raw  water  is  used  for  regeneration  and 
rinsing.  Consumption  of  CO;  is  in  the  range 
of  0.7-1  kg/nr  of  product  water,  depending 
on  the  pressure  and  the  quantity  of  CaCO, 
added. 

In  a  second  application  the  CARIX  Pro- 
cess was  tested  for  the  combined  elimination 
of  sulfate  and  alkaline  earths.  In  the  tc 
series  the  raw  water  contained  2.6-3.1  mmol/ 
of  sulfate  and  5.4-6.9  mmol/1  of  calcium  and 
magnesium.  Since  the  objective  was  to  reduce 
both  cations  as  well  as  anions,  the  resin  mix- 
ture consisted  of  230  1  Amberlite  IRC  50  and 
460  1  Lewatit  M  600,  corresponding  to  a 
volume  ratio  of  1  : 2.  Figure  6  shows  typical 
elution  curves  from  one  of  the  regeneration 
cycles.  At  the  beginning  the  concentration  of 
sulfate  is  rather  high.  However,  with  advanc- 
ing conversion  to  the  bicarbonate  form  it 
decreases  and  approaches  the  raw  water  con- 
centration. As  a  consequence  of  the  addition 
of  CaC03  the  concentrations  of  calcium  and 
magnesium,  while  measurable,  do  not  indicate 
the  degree  of  regeneration  of  the  cation  ex- 
changer. The  development  of  earth  alkaline 
ions  concentrations  is  a  consequence  of  the 
regeneration  of  the  anion  exchanger:  due  to 
the  sulfate/bicarbonate  exchange  the  pH 
slightly  drops  and,  as  a  consequence,  solid 
CaC03  is  dissolved.  With  decreasing  anion 
exchange  the  dissolution  of  CaCOj  di- 
minishes, too. 

Breakthrough  curves  of  the  ensuing  de 
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Fig.  6.  Developmeni  of  alkaline  eanh  and  sulfate  con- 
centrations in  the  effluent  of  one  regeneration  of  the 
ixpenments  in  ihc  Munstcr  Waier  Works. 


mineralization  are  ploued  in  Fig.  7  as  a  func- 
tion of  time  and  throughput.  Again,  the  raw 
water  concentrations  of  sulfate  and  hardness 
are  reached  after  a  throughput  of  about  35 
bed  volumes.  At  the  beginning  of  the  run 
chloride  ions  are  also  eliminated  up  to  ap- 
proximately 75%.  However,  because  of  the 
stronger  affinity  for  sulfate  ions,  chloride  is 
strongly  displaced  and  maximum  concentra- 
tions of  about  twice  the  raw  water  content 
occur.  The  pH  is  slightly  acidic  since  the 
product  water  contains  excess  CO:,  which  is 
degassed  in  the  C02  expeller.  In  these  tests 
the  water  yield  was  about  85 %  and  the  con- 
sumption of  CO:  was  between  0.6  and  1.5 
kg/m3  of  product  water. 

In  a  third  kind  of  application  the  process 
was  tested  for  the  predominant  reduction  of 
total  hardness  of  a  raw  water  containing  5.0 
mmol/1  calcium  and  magnesium.  According 
to    the    objective,    the    ratio    of    exchanger 
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Fig.  7.  Breakthrough  curves  of  alkaline  earth  ions, 
sulfate,  and  chloride  ions  in  one  of  the  experiments  in 
Miinster. 


volumes  Kc :  Va  was  again  increased  and  the 
mixture  consisted  of  350  1  Amberlite  IRC  50 
and  Amberlite  IRA  458  each.  Since  efficiency 
of  the  regeneration  of  the  cation  exchanger 
had  to  be  emphasized,  no  CaC03  was  added, 
and  the  pH  was  thus  kept  at  a  minimum 
value.  Figure  8  shows  some  breakthrough 
curves  plotted  as  functions  of  time  and 
throughput. 

Initially,  the  concentration  of  alkaline 
earths  is  strongly  diminished  by  about  75%. 
However,  it  increases  rapidly  parallel  to  the 
increase  of  sulfate  concentration  in  the  prod- 
uct water.  After  sulfate  has  reached  its  inlet 
content  there  is  no  further  elimination  of  neu- 
tral salts,  the  process  now  running  as  a 
dealkalization.  At  the  end  of  the  run,  hard- 
ness is  still  reduced  by  about  25  cc.  Dunng  the 
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Fig.  S.  Breakthrough  curves  of  alkaline  earth  ions,  bi- 
carbonate, sulfate,  and  nitrate  ions  in  one  of  the  experi- 
ments in  the  Bad  Rappenau  Water  Works. 


whole  run  the  concentration  of  bicarbonate 
ions  is  decreased  by  approximately  50%.  The 
water  yield  in  these  lest  series  was  again 
80-85%  and  the  consumption  of  C02  was 
about  0.75  kg/m3  of  product  water. 

The  results  of  these  experiments  demon- 
strate that  a  maximum  throughput  of  about 
35-40  bed  volumes  can  be  achieved  for  the 
elimination  of  anions  and  of  up  to  55  bed 
volumes  for  the  reduction  of  alkaline  earth 
cations  as  follows  from  some  recent  tests. 
Compared  to  throughputs  with  convention- 
ally regenerated  resins  these  numbers  are 
rather  small.  The  poor  throughputs  are  a  con- 
sequence of  the  limited  efficiency  of  carbonic 
acid  as  a  regenerant.  Nevertheless,  calcula- 
tions of  the  costs  of  such  a  treatment  of 
drinking  water  have  shown  that  CARIX  al- 
lows an  economic  partial  derruneralization. 
Based  on  the  results  of  the  above  field  tests 
and  a  CO:  price  of  100  U.S.  S/t.  the  costs  for 
chemicals   vary  between  6   and   8   c./m5  of 
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product  water.  Capital  costs  can  be  estimated 
to  be  in  the  range  of  8  to  14  c/m3.  depending  _ 
on  local  conditions.  Taking  into  account  theB 
small  quantity  of  salts  in  the  effluent,  the 
CARIX  process  offers  of  competitive  possibil- 
ity for  the  treatment  of  saline  raw  water  which  I 
is  to  be  used  as  drinking  water.  * 

The  basic  advantages  of  the  process  con- 
cept and  the  promising  results  of  the  field 
tests  have  led  to  the  ordering  of  a  first  big 
plant  for  softening  of  170  m:'/h  by  the  Bad 
Rappenau  Water  Works,  which  will  go  intol 
service  in  the  fall  of  1985.  m 


I 


4.  CONCLUSIONS 


I 
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The  CARIX  Process,  which  uses  a  weak- 
acid  cation  exchanger  in  combination  with  an 
anion    exchanger,    represents    an    excellent 
method  for  partial  demineralization  of  wat<     m 
The  field  tests  have  demonstrated  that  it  cai.  I 
be  applied  to  the  treatment  of  drinking  water 
containing  elevated  levels  of  hardness,  sulfate.^ 
or  nitrate,  or  combinations  of  these.  Other! 
applications  in  the  field  of  industrial  water 
treatment  should  be  possible. 

The    process    has    some    particular 
vantages. 

(i)     Carbon  dioxide,   used   for  the  simulta- 
neous regeneration  of  both  resins,  is  a 
non-polluting  chemical, 
(ii)    Protons  as  well  as  bicarbonate  tons  of  the 
regenerant   are   consumed   at   the   same 
time.  Thus,  the  effluent  of  the  regenera 
tion  contains  only  the  same  amount  of 
salt  that  has  been  removed  in  the  service 
cycle.  Usually  this  amount  is  further  re 
duced    by   precipitation    of    CaCO,    or 
CaS04. 
(iii)  The  filter  capacities  can  be  influenced  by 
a  suitable  choice  of  the  ratio  of  the  ex- 
changer volumes.  Thus,  the  elimination  m 
of  neutral  salts  can  be  superimposed  on  a  I 
removal  of  either  cations  or  anions  < 
strong  electrolytes. 


I 
I 

I 
I 
I 


I 
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(iv)  The  product  water  contains  CO-  in  ex- 
cess. Therefore  the  post-treatment  is  very 
simple. 

(v)    As  a  consequence  of  partial  derrunerali- 

zation.  the  ratio  of  bicarbonate  to  mineral 

acid  anions  is  only  slightly  altered.  Thus. 

corrosion  problems  should  be  avoided. 

The  results  of  the  field  tests  have  shown 

that  product  water  salinity  is  not  constant. 

Therefore  the  treated  water  should  be  stored 

and  mixed  in  reservoirs  in  order  to  equalize 

quality. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:       WG-02 


Project  Title: 

Grotiversuch  zur  Grundwassersanierung  durch  gesteuerte  Denitrifikation 

und   aerobe  Nachbehandlung   in  Untergrund 

Biological   denitrification   followed    by   aerobic   underground   posttreatment 


Contact 

[  name 

or  person, 

organization,  address, 

"tel 

ephone)  : 

Dr.  Ing. 

B 

B. 

Wibbe 

/  Dip 

1. Ing. 

Hunke 

Stadtwer 

ke 

Neuss ,  Hammer 

Landst 

r.  45, 

4040  Neuss 

i 

Tel.  02101 

'206 

-8134 

Germany 

Project  Description  (Please  attacn  a  scnematic  diagram  if  appropriates : 

Durch  intensive  landwirtschaf tliche  Dungung  im  Einzugsgebiet  des  Wasser- 

werkee  Broichhof  weist  das  in  den  Gewinnungshrunnen  geforderte  Wassor 

erhohte  Mtratwerte  auf.  2ur  Grundwassersanierung  wurde  ein  Verfahren 

entwickslt,  bei  dem  gezielt  das  mit  Nitrat  am  hSchsten  belastete  Grund- 

wasser  abgeschopft  und  nach  Zugabe  von  Nahrstoffen  (Essigsaure, 

Phcaphatlosung)  in  Festbettreakxoren  denitrif iziert  wird.  AnschlieSend 

wird  das  denitrifizierte  Wasser  belOftet  und  zur  aeroben  "Nachreinigunq 

wieder  in  den  Grundwasserleiter  zuruckgef Qhrt. 

N'ach  ei.ner  ausreichend  langen  Bodenpassage  wird  in  den  Wasserwerks- 

brunnen  ein  nitratarmas  Wasser  gefordert,  das  kemer  weiteren  Aufbe- 

reirung  bedarf. 

Dae  Vftrfahren  wurde  im  PilotmaBstab  mehrere  Jahre  lang  erprobt. 

Seit  Er.de  1937  ist  eine  groBtechnisehe  Anlage  fur  eine  Denitrif ikations- 

leistung  von  ca.  7.200  it?  /A   im  Bau.  Diese  Anlage  soil  Anfang  1989  in 

Detrieb  gehen. 


Removel  of  tjjQ3  by  biological  treatment  in  a  fixed  bed  reactor  with  acetic- 
acid  and  PCL.  After  aeration  an  aerobic  underground  posttreatment. 
Extensive  pilot  plant  data  available.  The  big  plant  goes  in  operation 
in  "89. 
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Operating  and  cost  data  (including  data  on  effici 

ency,  resul ts ,  etc.) : 

1  .  Nitratgehait  in  den  Wasserwerksbrunnen   ->t«Xu4 

SO  mg/l  NO 
25  mg/l  NO 

2.  Angestrebter  Nitratgehalt              *cr»JL/ 

Q 

3.  Wasserwerksleistung 

20.000  m5  /d 

4,  Aufbereitungsleistung 

7.200  mVd 

5.  Spez.  Raumabbauleistung  in  den  Bio-Reaktoren 

3  ,  5  kg  N/itt*  /d 

6.  Substratverbrauch  (Easigsaure)  AuXbtsOjUscL' 

0,32  g  DOC/g  NO., 

7.  Herstellungskosten  der  Aufbereitungaanlage 

8  MiO.  DM 

8.  Spez.  Betriebakosten  Ibezogan  aut  3  Mio.i^/aj 

u  ,-iS   Wt/n? 

D1ace(s)  of  installation/appl  ication  .'Including  dates): 

Wasserwerk  Broichhof  der  Stadtwerke  Neuss  (Adresse  siehe  oben) 
Das  Wasserwerk  Broichhof  deckt  ca.  50  \   des  Trinkwasserbedarfs  der 
Stadt  Neuss.  Daa  Waserverk  ist  eeit  1913  in  Betrieb  und  fordert 
bisher  Grundwasser  ohne  jede  Aufbereitung  in  das  Versorgungsnetz. 


Patent  staus,  if  applicable: 


PQr  das  Aufbereitungeverfahren  beateht  kein  Patenschutz! 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

Das  Projekt  wird  vo»n  Bundesminist«r  fur  Forschung  und  Technologie  ge- 
fordert  CFE  02-WT  324/FE  02-WT  8658). 
Projektbeteiligte: 
Stadtwerke  Neuss: 


|  DVGW-Forschungsstelle  am  Engler-  Bunte- 
I  Institut  der  Universitat  Karlsruhe  (TH) : 
j  Lahmeyer  International,  Beratende  Tngenieure, 
Biiro  DQsseldorf : 


Projektdurchfuhrung 

Wissenschaf tl.  Leitung 
I ngenieur 1 ei s tungen 


!f  available  attach  descriptive  publications,  technical  literature, 
manufacturers'  specifications,  patent  descriptions,  etc. 
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Trinkwasser-  forderung 

13  00  m  V  h 


Sta&twerke  Neuss 

VersorqunqsoatriBce 


EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:   WG-03 


Project  Till e: 

Automated  measurement  of  the  regrowth  potential  in  raw  water,  treated 

water  and  drinking  water. 


Contact  (name  of  person,  organization,  address,  telephone): 

P.  Werner;  B.  Hambsch 

DVGW-research  center  at  the  Engler-Bunte-Institute,  Dept .  of  Water 

Chemistry,  University  of  Karlsruhe, 

Richard-Wiilstatter-Allee  5 

D-7500  Karlsruhe  1 

FRG 

telephone:  0721/608-2596 


Project  Description  (Please  attacn  a  schematic  diagrarr.  if  appropriate): 
The  method  has  been  developed  to  be  able  to  predict  the  regrowth  poten- 
tial of  drinking  water.  It  consists  in  a  microbiological  test  in  labora- 
tory scale  by  measuring  the  growth  rate  of  bacteria.  The  parameter  for 
the  increase  of  biomass  during  the  test  is  the  turbidity  at  12°  foreward 
scattering.  This  measurement  had  to  be  automatised  to  get  enough  data  to 
calculate  the  growth  rate.  The  preparation  of  the  water  samples  for  the 
test  is  shown  in  fig.  1.  The  samples  are  sterilized  by  sterile  filtra- 
tion (0,4  um  pore  size,  Nuclepore  filter).  A  sterile  nutrient  salt  solu- 
tion is  added  and  the  samples  are  placed  into  300  ml-cuvettes  of  a  tur- 
bidimeter, measuring  at  12°  foreward  scattering.  The  samples  are  inocu- 
lated by  bacteria  washed  off  from  the  above  mentioned  sterile  filter.  As 
initial  concentration^  a  total  cell  number  of  the  adapted  bacteria 
between  10  to  5  x  10  per  ml  is  adjusted.  During  the  incubation  at 
about  20°C  the  samples  are  stirred  continuously  except  for  the  time  when 
turbidity  is  measured  (normally  every  thirty  minutes).  The  turbidity 
measurements  were  automatized  and  computercontrolled,  the  whole  set-up 
is  shown  in  fig.  2. 

A  typical  result  of  an  experiment  is  shown  in  fig.  3.  This  characteri- 
stic growth  curve  is  analysed  at  the  end  of  an  experiment  by  the  soft- 
ware of  the  programme,  too.  It  calculates  the  growth  rate  (slope  of  the 
growth  curve  during  the  logarithmic  growth  phase)  and  a  growth  factor 
(maximum  turbidity  to  minimum  turbidity) .  This  microbiological  test  is 
already  used  in  some  water  treatment  plants  (see  place  of  installation/ 
application) . 
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The  growth  rate  of  bacteria  in  water  is  a  value  for  the  biodegradability 
of  the  dissolved  organic  carbon  in  the  water.  If  the  water  is  to  be  di- 
stributed a  long  time,  this  value  has  to  be  very  low  otherwise  regrowth 
will  occur  in  the  distribution  system.  By  measuring  this  parameter  it 
was  possible  to  optimize  a  mixing  ratio  of  two  different  waters  so  that 
no  regrowth  would  occur  (see  publication  Werner,  Hitsch) . 
The  costs  for  the  equipment  are  about  DM  60.000, —  to  DM  80.000, —  with 
4  turbidimeters. 

Operating  costs  are  quite  low,  because  no  expensive  chemicals  are  nee- 
ded, only  the  costs  for  the  Nuclepore  filters  have  to  be  calculated.  The 
man  time  needed  is  about  half  an  hour  to  one  hour  for  every  sample 
(sample  preparation,  cleaning  of  the  cuvettes  and  evaluation  of  the 
curves) . 


^i  ace  S'  of  1  rs:i:'  at 1 on/appl ]  ;a:  1  on   in:' uoi n:  ca:~s:: 

One  equipment,  is  placed  in  the  DVGW-research  center  in  Karlsruhe,  where 

most  of  the  experimental  data  have  been  done.  It  was  installed  1984. 

Another  equipment  works  at  the  BWV  (water  treatment  plant  at  the  Lake 

Constance},  which  has  a  very  long  distribution  system,  since  1986. 

Another  one  is  in  Haifa,  Israel,  in  the  frame  of  a  research  project, 

since  1986. 

The  newest  one  is  in  Neuss  to  control  a  denitrification  plant,  since 

1987. 


Patent  staus,  if  applicable: 

None,  not  planned  to  apply  for  a  patent. 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.): 

The  research  and  development  was  funded  by  the  BMFT. 

Cooperating  agency  is  the  Monitek  GmbH,  the  manufacturer  of  the  turbidi- 
meters. 


If  available  attach  descriptive  publications,  technical  literature, 
"iar-jfaciurers'  specifications,  patent  descriptions,  etc. 
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INVESTIGATIONS  ON  THE  GROWTH  OF 
BACTERIA  IN  DRINKING  WATER 

P.  Werner  and  B.  Hambsch 

Engler-Bunte-lnsmuic,  Dept    of  Water  Chemistry,  Karlsruhe,   F.R.C 


ABSTRACT 

In  some  water  treatment  plants  regrowth  in  drinking  water  can  only  be  avoided  by  disinfection.  On  the 
other  hand  there  are  a  lot  of  water  works  which  can  distribute  water  without  disinfection  and  which 
have  no  problems  with  high  colony  counts  in  the  net. 

A  method  is  presented  to  determine  the  growth  rate  of  bacteria  in  laboratory  scale.  The  parameters 
for  the  increase  of  biomass  during  the  test  are  turbidity  at  12'  foreward  scattering  and  total  ceil 
number,  determined  in  the  microscope.  This  microbiological  test  is  able  to  predict  regrowth  in  drink- 
ing water.  Moreover  the  results  can  be  used  to  optimize  drinking  water  treatment  in  the  water  treat- 
ment, which  helps  to  minimize  the  disinfection  measures.  The  principles  of  the  test  method  are  des- 
cribed and  the  results  give  evidence  of  the  practical  importance  of  this  test. 

II  y  a  beauccup  d'eaux  potables  qui  possedent  une  tendance  a  la  reviviscenee  dans  le  reseau  surtout 
si  le  temps  de  distribution  de  l'eau  est  prolongue .  La  raison  pour  la  croisaance  des  bacteries  est 
une  concentration  des  substrats  augmentee  dans  l'eau  potable.  Nomalement  la  concentration  d'un  sub- 
strat,  qui  cause  une  aecroissement  des  microorganismes  est  tres  faible  et  une  preuve  analytique  par 
des  methodes  eh^miques  est  insu'f isante .  C est  pourquoi  un  test  microbislsgique  avait  ice  developpe, 
qui  est  preaente.  Les  resultats  de  recherche  a  l'echelle  laboratoire  sont  cocpares  a  des  resultats 
recueiilis  de  la  pratique.  La  comparaison  indique,  que  ce  test  simple  a  exercer  represent  une  mcsure 
pratique  sur  la  croissance  des  bacteries  dans  le  reseau  de  la  distribution.  On  proiete  de  deduire  des 
resultats  la  dose  de  chlorure  pour  la  disinfection  de  l'eau  potable,  II  est  desirable  de  reduire  la 
concentration  de  la  chlorure  a  cause  de  la  qualite  chimique  dans  l'eau  distribue. 

KBTMDRDS 

".•growth,  turbidity  measurement,  microbiological  test  in  laboratory  scale,  growth  rate  at  low  sub- 
strate concentrations. 


Microbial  processes  are  very  important  in  drinking  water  treatment.  The  same  processes  continue  in 
the  distribution  system,  if  the  drinking  water  still  contains  biodegradable  organic  substances. 
Therefore  a  microbiological  method  for  the  determination  of  these  substances  is  necessary.  Such  a  me- 
thod was  developed  within  the  frame  of  a  research  program  sponsored  by  the  BMTT* .  The  principle  of 
the  method  is  te  measure  the  growth  rate  of  bacteria  in  laboratory  scale.  The  parameters  for  the  in- 
crease of  biomass  during  the  test  are  turbidity  at  12*  foreward  scattering  and  total  cell  number,  de- 
termined in  the  microscope  (Werner,  1982). 

To  adapt  this  method  to  practical  applications  the  test  procedure  has  to  be  automatized.  This  is  the 
only  way  to  collect  enough  data  to  be  able  to  control  water  quality  and  the  efficiency  of  treatment 
steps  in  the  water  works.  Results  from  an  activated  carbon  plant  and  the  effect  of  preozonation  are 
presented  (Hubele  and  Topalian  1982;  Hubcle  and  Sontheimer  1964) .  The  influence  of  ozonation  on  the 
substrate  character  of  orgamcs  dissolved  in  water  can  be  shown.  Moreover,  results  from  measurements 
in  different  water  works  are  presented,  which  confirm  the  applicability  of  the  method  and  give  evi- 
dence to  the  regrowth  in  the  distribution  system. 

*)  Bur.desministerium  fur  Forsehung  und  Technologie 
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The  preparation  of  the  water  samples  for  the  test  is  summarised  in  fig.  1  and  published  elsewhere 
detail  (Werner,  1985). 
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Tig,  1.   Preparation  of  the  water  samples  for  the  Miturenn; 
of  the  growth  rate  of  bacteria. 

First,  the  samples  are  sterilised  by  sterile  filtration  (0,4  u»  pore  size,  Nu=leporef liter ] .  A  ste- 
rile  nutrient  salt  solution  is  added  and  the  samples  are  placed  into  300  ml  cuvettes  of  a  turbidi- 
meter, measuring  at  12*  foreward  scattering.  The  samples  are  inoculated  by  bacteria  washed  off  free 
the  above  mentioned  stenle^filter .  As  initial  concentration,  a  total  cell  number  of  the  adapted  bac- 
teria between  10  to  5  x  10  per  ml  is  adjusted.  During  the  incubation  at  about  20*C  the  samples  are 
stirred  continously,  except  for  the  time  when  turbidity  is  measured.  To  get  as  May  reliatit  lata 
points  as  possible  and  to  be  able  to  measure  during  the  10  to  IS  hours  lasting  logarithmic*  growth 
phase  without  interruption,  the  turbidity  measurements  were  automatised  and  computer-controlled.  A 
sketch  of  the  experimental  set-up  is  shown  in  fig.  2. 

Pive  cuvettes  can  be  analysed  in  parallel.  Every  30  mm.  twenty  values  are  measured  during  a  time 
period  of  2  minutes  and  the  average  is  stored  by  a  computer  which  also  controls  the  entire  set  up. 
Thus,  an  almost  continous  analysis  is  possible. 
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omatic  equipment  for  the  turbidity  measurement. 


A  typical  result  of  an  experiment  is  shown  in  fig.  3.  A  characteristic  growth  curve  can  be  seen  with 
lag-,  log-  and  plateauphsse.  It  is  well  known  that  the  morphology  and  sue  of  bacteria  change  during 
the  different  growth  phases.  A  nutrient  broth  (initial  DOC;  12,7  mg/1)  was  inoculated  with  Pseudowo- 
nas  fluoreseens  and  the  growth  was  measured  by  turbidity  and  total  cell  number.  The  sue  of  the  bac- 
teria decreased  during  the  test  (initial:  2,05  urn  x  0,95  um;  after  11  hours  of  incubation  1,3  un  x 
0,7  urn).  The  size  was  determined  by  microscopic  measurement.  The  growth  rate  obtained  from  the  turbi- 
dity data  is  0,36  h  (r  •  0,99),  the  one  from  the  total  cell  number  data  is  0,35  h  (r  ■  0,95]  . 
There  is  a  very  good  correlation  between  both  methods  and  therefore  it  is  possible  to  use  the  turbi- 
dity data  with  all  their  advantages  over  cell  number  measurements  (Werner.  1983). 
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rig.    3.      Multiplication  of   Pseudoaonas    fluorescens    ir,   nutrient    broth,    Standard 
deviation!   as  bars  at   the  values  of   the  total   cell  lumber. 


kftbct  op  Dimurr  ozche  OOaCaWl MBH  cm  the  sobst-ratt  cbabactkr  op  batctrai.  ostamic 

ETJBSmMCXS  Di  NXTZR 

These  investigations  were  performed  at  an  activated  carbon  pilot  plant  at  the  Engler-Bunte-Instltute 
at  the  University  of  KarlBruhe  with  natural  humic  acids  from  the  Puhrberg  water  treatment  plant  near 
Hannover  (Werner,  19SS  J  .  Three  Jifiarent  ozone  doses  were  investigated  in  coir.p«i  isor,  to  the  ur.treattc 
humic  acids  (compare  fig.  4,  and  table  1). 

Before  preparing  the  samples  as  described  above  the  remaining  ozone  was  destroyed  by  adding  aodium- 
thiosulfate.  From  every  sample  different  dilutions  were  tested.  The  bacteria  for  the  inoculum  were 
taken  from  an  activated  carbon  pilot  plant.  Trie  mixed  population  utilized  was  already  adapted  to  hu- 
mic acids.  The  proliferation  of  the  bacteria  was  monitored  by  the  increase  of  turbidity  and  total 
cell  number.  To  get  a  better  evaluation  of  the  mineralisation  of  organic  substrate  by  the  bacteria 
the  DOC  was  measured  during  the  test. 

As  an  example  for  the  turbidity  data  collected  with  the  automatic  equipment,  the  results  of  the  run 
with  0,5  mg  osone/mg  DOC  are  given  in  fig.  5. 


Pig.  4  shows  the  increasing  growth  rates  with  increasing  otone  concentrations.  The  maximum  growth 
rate*  u  and  the  X  -values  (half  velocity  concentrations),  which  are  calculated  by  nonlinear  re- 
gression to  the  HONOO-equation  are  summarized  in  table  1.  The  maximum  growth  rate  of  the  run  with 
1  mg  ozone/mg  DOC  is  3  times  higher  than  the  one  of  the  untreated  sample.  The  K  -value  is  the  sub- 
strate concentration  which  allows  half  of  the  maximum  growth  rate.  In  table  1  an  *•  apparent"  K  -value 
is  given,  because  the  parameter  used  for  the  characterization  of  the  organic  substances  is  trie  DOC, 
which  cover*  all  organic*  present  in  the  water. 

However,  the  bacteria  only  utilize  a  more  or  less  snail  amount  of  substrate  out  of  the  spectrum  of 
organic  matter.  During  the  incubation  time  of  SO  hours  certainly  not  all  biodegradable  organic  sub- 
stances are  mineralized,  and  thus  it  is  not  possible,  to  use  this  DOC-removal  as  basis  for  the  calcu- 
lations of  the  biodegradable  substances.  But  a  good  correlation  between  the  biodegraded  DOC  during 
the  test  and  the  ozone  dose  can  be  seen  (Werner,  1985) .  Without  ozone  treatment  only  10  »  of  the  DOC 
is  mineralized,  at  1,5  mg  ozone/mg  DOC  the  value  increases  up  to  35  t.  This  ready  degradable  organic 
substances  are  responsible  for  the  growth  of  bacteria  in  the  distribution  system.  And  this  fraction 
snist  be  removed  by  treatment  steps  in  the  water  plant.  In  the  frame  of  a  bmft- research  program  these 
substances  are  investigated. 
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Fig.  4.      Effect,  of  ozone  on  the  multiplication  of  bacteria 
in  a  water  containing  huaie  acid*.  v 
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Tig.  S.   Increase  of  turbidity  in  water  containing  hunic  acids 
after  ozonation  (0,5  ag  O./ag  DOC) 


TABLE  1  Effect  of  Different  Ozone  Concentrations 

on  the  Hulitplication  of  ~ ~~ " "— ~ ™ "^ ~~ 
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By  investigations  in  a  water  treatment  plant,  where  at  different  seasons  regrowth  was  observed,  the 

applicability  of  the  method  could  be  demonstrated.  Two  different  raw  waters  were  used,  on  the  one 

hand  a  ground  water  which  ihowed  a  low  growth  rate  of  less  than  0.05  h~   and  on  the  other  hand  a 
karst  water  with  a  relatively  high  growth  rate  of  sore  than  0,2  h   . 


Utilizing  the  Method  a  nixing  ratio  between  the  two  waters  could  be  determined, 
would  occur  (Werner,  19851 . 


where  no  regrowth 


Thia  laboratory  acale  test  allows  to  predict  the  behaviour  of  the  microorganisms  in  the  distribution 
system  depending  on  the  residence  time.  In  the  frame  of  another  BHTT-research  program  or,  the  applica- 
bility of  this  test  a  surface  water  work  was  investigated  for  about  a  year.  Almost  every  month  samp- 
les were  taken  from  different  treatment  steps  (raw  water,  water  after  ozonation,  non  chlorinated  eff- 
luent of  send  filters).  As  an  example,  fig.  6  gives  some  preliminary  results.  Although  the  growth 
rate  varies  to  a  certain  extent,  a  dependence  on  the  season  is  evident,  even  up  to  the  effluents  of 
the  sand  filters.  As  a  rule,  the  effluent  of  the  filter  with  the  smaller  particle  size  shows  lower 
growth  rates  than  the  other  one  (aee  fig.  6).  This  can  be  explained  by  the  higher  microbial  activity 
on  the  larger  surface.  Additionally,  it  is  remarkable  that  the  season  of  low  algae  counts  coincides 
with  the  highest  growth  rates.  This  phenomena  is  now  investigated. 
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Fig.  6.   Seasonal  dependence  of  the  growth  rate  in  1985. 


Discission 

Biological  processes  play  an  important  role  in  drinking  water  treatment.  For  instance,  slow  sand 
filters  are  used  for  more  than  a  hundred  years  for  this  purpose  (Noll,  1976 j.  Another  example  is  the 
biological  activated  carbon  process  (Jekel  and  Sontheimer,  1979;  Kubele  and  Sontheimer  19641.  To  mea- 
sure the  efficiency  of  microbial  activity  of  these  processes  a  microbiological  test  had  to  be  deve- 
loped because  chemical  analyses  (e.g.  DOC  I  do  not  yield  enough  information  on  biodegradation.  Stan- 
dard microbial  methods,  as  for  instance  colony  counts,  can  only  describe  the  hygienic  conditions,  but 
the  purification  capacity  cannot  be  calculated  from  these  data. 

The  characterization  of  the  substrate  quality  of  the  organics  in  a  water  is  of  greater  interest, 
because  this  influences  the  microbial  activity  during  the  above  mentioned  treatment  steps. 

Only  a  microbiological  test  gives  evidence  of  the  regrowth  tendency,  because  as  a  rule  the  physiolo- 
gical concentrations  of  a  substrate  are  lower  than  their  analytical  detection  limit.  The  results  of 
such  a  microbiological  test  can  be  used  to  optimize  the  drinking  water  treatment  process . 

This  helps  to  minimize  the  disinfection  measures,  which  usually  require  the  addition  of  chlorine. 
Chlorine  in  principle  has  a  negative  effect  on  water  quality  because  AOX  (adsorbable  organic  halogen) 
and  haloforms  are  produced  from  the  remaining  organics  in  water  (Sontheimer  1979) , 

The  reduction  of  these  biodegradable  organics  remaining  in  the  water  can  be  analysed  by  the  test  pro- 
cedure presented.  The  goal  must  be  the  transfer  of  the  biodegradation  into  the  water  treatment  plant, 
which  automatically  reduces  regrowth  in  the  distribution  system. 

-1 
There  is  an  indication  that  waters  with  growth  rates  of  less  than  0,15  r.   measured  in  the  test  crea- 
te no  regrowth  problems.  This  means  that  the  generation  time  is  long  enough  to  avoid  higher  colony 
counts  than  allowed  by  the  standards  during  the  usual  residence  time  in  the  distribution  system. 
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Problene  bei  der  Trinkwasserauf berel tung  aus  Karstwasser 


Problems  concerning  drinking  water  treatment  from  carsty  water 


Dr.  E.  Hitsch,  Salzburger  Stadtwerke  -  Wasserwerke 
Dr.  P.  Werner,  DVGW-Forschungsstel 1 e  am  Engler-Bunte-Inst i tut  an 
der  Universitat  Karlsruhe 


Summary 

The  drinking  water  supply  of  Salzburg  uses  carsty  water  on  the 
one  hand  and  ground  water  on  the  other.  In  1983  problems  occured 
with  Crenothrix  polyspora  in  the  pipe  system  which  were  only -ob- 
served when  nainly  carsty  water  was  used.  In  different  mixtures 
.of  carsty  water  to  ground  water  the  growth  rate  was  measured.  At 
a  ratio  of  1:4  the  value  was  very  low.  k'hen  distributing  water  in 
this  ratio  no  regrowth  in  the  system  occured  .  On  the  long  run  a 
further  treatment  of  the  carsty  water  is  necessary.  A  pilot  plant 
was  built  with  ozonation,  flocculation  and  filtration  but  the  ex- 
periences showed  that  this  treatment  was  not  economic. 
From  the  hydrogeol ogi cal  point  of  view  an  infiltration  and  bicde- 
gradation  in  the  aquifer  was  possible  and  investigations  proved 
this  method  to  be  5uccessfu.ll. 
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Zusammenf assun 


£ 


Die  Stadtwerke  Salzburg  nutzen  sowohl  Karstwasser  als  auch  Grund 
wasser  fur  die  wasserversorgung . 

1983  traten  Probleme  mit  Crenothrix  polyspora  im  Leitungsnetz 
auf,  die  nur  beobachtet  wurden,  wenn  iiberwiegend  Karstwasser  ver< 
wendet  wurde. 

Durch  Messung  der  Wachstumsrate  von  BakteMen  bei  verschiedenen 
Mi  schungsverha'1  tnissen  von  Karst-  und  Grundwasser  konnte  ein 
Mi  schungsverha'1  tni  s  bestimmt  werden,  bei  dem  keine  Wi eoerverkei - 
mung  im  Leitungsnetz  mehr  auftrat, 

Auf  lange  Sicht  muSte  jedoch  eine  wei tergehendere  Aufbereitung 
des  Karstwassers  in  Erwagung  gezogen  werden. 

Kitrzu  wurde  eine  ha  1 btecnni sche  Versuchsanl age  erstellt,  aie 
Ozonung,  Flockung  und  Mehrschi chtf i 1 trat i on  umfaBte.  Diese  Aufbe- 
reitung erwies  sich  jedoch  als  nicht  wi rtsehaf t 1 i ch ,  da  erst  re- 
lativ  hohe  Fl ockungsmi ttel konzentrati onen  gut  absetzbare  Floeken 
ergaben . 

Aus  den  gegebenen  hydrogeol ogi schen  Verhal tni ssen  bot  sich  auch 
eine  Bodenpassage  des  Karstwassers  an,  um  durch  biologische  Pro- 
zesse  den  abbaubaren  Anteil  der  gelosten  organischen  Wasserin- 
haltsstoffe  zu  reduzieren. 

Durch  Untersuchungsseri en  konnte  die  Ef f ekti vi t at  dieser  Aufbe- 
reitung durch  Untergrundpassage  nachgewiesen  werden. 


I 
I 
I 
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1 •  Biolocische  Problene  bei  der  Wasserversorgung  de: 
Stadt  Salzburg 


Die  HauptStutze  der  Wasserversorgung  der  Stadt  Salzburg  is-  sei 
1875  die  Furstenbrunnquelle,  die  am  Untersberg,  emerr,  rd.  2000  ! 
hoher.  Karstgebirgsstcck ,  sudlich  der  Stadt  Salzburg,  entsprmg- 

Bei  dieser  Quelle  sine  die  typischen  Karsteigenschaf ter.  ins 
Extrerr.  gesteigert:  Schiittungsschwankungen  zwischen  50  1/s  ur.d 
11,000  1/s,  damit  verbunden  Qualitatsanderungen ,  vor  allem  zeit- 
weise  starke  Trubungen  durch  Hohlenlehm  und  schlieOlich  em 
schwankender,  aber  lmmer  hoher  Gehalt  an  Huminstof f en .  Dieses 
Quellwasser  wird  nit  Grundwassern  vermischt,  die  in  lhrer  Be- 
schaffenheit  sowohl  m  sich  als  auch  unteremander  sehr  gleich- 
maBig  smd  und  nur  sehr  niedrige  Huminstoff-  bzw.  DOC-Werte  auf- 
weisen. 

Solange  das  Quellwasser  in  ausreichender  Menge  und  Qualitat  zur 
Verfiigung  steht,  wird  es  in  maximal  moglichen  Umfang  zur 
Versorgung  herangezogen .  Wahrend  der  Schneeschmelze ' kann  u.U. 
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wochenlang  ausschlieElich  Quellwasser  verwendet  werden.  Soweit 
notwendig,  wird  dem  Quellwasser  Grundwasser  zugemischt.  Seit  1 9  E  7 
wird  das  zur  Verreilung  kommende  Wasser  zur  Desmfektion  und 
Scheming  roit  Ozcn  behandelt,  wcbei  die  iiber  Redcxmessung  automa- 
tisch  gesteuerte  Ozondosierung  gerade  der  jeweils  maximalen  Ozon- 
zehrung  nach  4  Minuter.  Reaktionszeit  ent«pricht.  Dazu  smd  Kon- 
zentrationen  von  0,4  bis  iiber  3,0  mg/1  02on  erf  orderlich .  Wahrend 
des  Aufenthaltes  iin  Behalcer  wird  das  restliche  Ozon  vor  Abgabe 
des  Wassers  ins  Netz  vollstandig  gezehrt.  Dieses  Verfahren 
bewahrte  sich  iiber  ein  Viertel  Jahrhundert. 

Im  Sommer  1983  traten  in  emem  Stapeltank  ernes  Getrankeerzeugers 

m  Salzburg  viele  weiBe  Flocken  bis  zu  1/2  cm  Lange  auf.  Bakteri- 
ologische  Untersuchungen  brachten  kein  Ergebnis,  auch  Anzuchtver- 
sucne  nut  Piiznahrbbden  und  anderen  in  der  Lebensmittel-  und 
Getrankeuntersuchung  iiblichen  Nahrmedieh  waren  negativ.  Im 
Mikroskop  war  em  Geflecht  von  Faden  erkennbar. 

In  eineni  anderen  Stadtteil  kam  es,  bedingt  durch  die  Flocken,  zu 
verstopften  Filtern  in  den  Hausmstallationen . 

Das  Leitungssystem  wurde  sofort  in  grdBtmoglichem  AusmaB  gespiilt, 
aber  damit  konnte  nur  erne  leichte  Vemngerung ,  keineswegs 
jedoch  erne  Freispiilung  erreicht  werden.  Untersuchungen  entlang 
der  Hauptrohrstrange  zeigten,  daB  das  Wasser  im  Behalter  noch 
klar  war  und  die  Flockendichte  mit  zunehmender  Verweilzeit  im 
Rohrnetz  anstieg.  Erne  sofort  eingeleitete  Hochchlorung  (l,5mg/l) 
bis  zu  1,5  mg/1  Chlor  brachte  keine  Verbesserung .  Koloniezahlbe- 
stimmungen  des  sichtlich  triiben  Wassers  ergaben  emwandfreie 
Befunde,  worn it  die  Gesundheitsbehorden  die  Moglichkeit  hatten, 
die  weitere  Abgabe  des  Wassers  zu  dulden. 
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Nach  emgehenden  mikrobiologischen  Untersuchungen  wurden  die 
Flokken  als  Crenothrix  polyspcra  ider.tif  iziert . 


2 .  Vorkommer.  ur.d  Bedeutunc  von  Crenothrix  poiyspora  (COHKl 

Crenothrix  poiyspora  wurde  erstmals  1670  von  COHN  lm  Zusammenhang 
nut  dem  Auftreten  dieses  Bakteriums  in  der  Trmkwasserversorgung 
von  Breslau  beschrieben  (I).  Die  Grundform  von  Crenothrix  poiy- 
spora ist  erne  einfache  Zellkette,  die  sich  durch  Querteilung 
verlangert  und  sich  in  emer  Scheide  befmdet.  Diese  Faden 
wachsen  rasenartig  nebeneinander  und  erreichen  eine  Lange  bis  zu 
I  cm.  Bei  tippigem  Wachstum  bilden  die  Faden  Flocker, ,  die  aus 
einer  Vielzahl  untereinander  verklebter  Emzelfaden  verschiedenen 
Alters  besteher.,  Die  Vermehrung  erfolgt  durch  sogenannte  Mikro- 
und  Makrokonidien,  die  in  der  Regel  von  emer  Schleimkapsei 
umhiiilt  smd  und  massenweise  auftreten  konnen. 

Die  Ursache  fur  das  Auftreten  von  Crenothrix  polyspcra  in 
Trmkwasserversorgungsanlagen  ist  bislang  noch  unklar.  Mar.  geht 
aber  davon  aus,  dafi  erhohte  organische  Belastungen  des  Kassers 
die  Vermehrung  dieses  Bakteriums  begunstigen.  Die  Kultivierung 
von  Crenothrix  poiyspora  im  Labor  ist  bislang  noch  nicht  ge- 
lungen.  Dieses  Baktenum  hat  keinerlei  hygienische  Bedeutung, 
stellt  aber,  bedingt  durch  die  Massenentwicklung,  Substrat  fur 
die  Vermehrung  von  anderen  Baktenen  dar,  die  bei  der 
Koloniezahlbestimmung  in  Wasserproben  erfaBt  werden  konnen. 

Fine  detaillierte  Beschreibung  von  Crenothrix  poiyspora  erfolgte 
durch  BUMB  und  SCHWEISSFURTH  1981  (2). 
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3 .  Losur.c  des  akuten  Poblcms 

Mit  der  Identif izierung  der  Trubung  als  Bakterien-Massenentwick- 

iung  lag  es  nahe,  zur  EindSnunung  die  Nahrstoff quelle  auszuschai- 
ten.  Zu  diesem  Zweck  wurde  das  huminstof freiche  Quellwasser  durch 
huminstof f freies  Grundwasser  erse.zt.  Innerhalb  weniger  Tace  war 
die  Trubung  wieder  beseitigt.  In  der  Folge  durchgef iihrte  Unter- 
suchungen  zeigten,  daB  bei  Betrieb  mit  iiberwiegendem  Anteil  von 
Karstwasser  Crenothrix  polyspora  im  Rohrnetz  und  hier 
insbesondere  in  den  Endstrangen  auftrat,  wahrend  bei  Verwendunc 
von  Grundwasser  allem  dieses  Problem  nicht  beobachtet  wurde. 

Da  die  Quelle  irn  Ncrmaljahr  bis  zu  zwei  Dritteln  des  Jahresbedar- 
fes  der  Stadt  deckt,  kann  auf  sie  nicht  verziehtet  werden.  Es 
mufiren  daher  Wege  gefunden  werden,  die  zummdest  erne  teilweise 
Nutzung  dieses  Karstwasser  ermoglichen.  Mit  der  Methode  zur 
Bestinmung  der  Vermehrungsgeschwindigkeit  von  Bakterien  konnte 
em  Mischungsverhaltnis  der  bei  der.  Rohwasser  ermittelt  werden, 
bei  welchem  auch  nach  Ozonbehandlung  keine  Verkeimung  im  Netz  zu 
erwarten  war  (3).  Untersucht  wurden  Grund-  und  Karstwasser  sowie 
Mischunger.  dieser  beider.  Komponenten  m  Verhaltnissen,  die  in  der. 
Abbildungen  3.1  und  3.2  angegeben  smd. 

I-  Karstwasser  betrug  die  Vermehrungsrate  0,2  h_1.  Durch  den  Zu- 
satz  von  Grundwasser,  in  dem  die  Bakterien  innerhalb  der  Bebrii- 
tungszeit  nicht  zu  wachser.  vermochten,  konnte  der  Wert  bei  emem 
Verhaltnis  von  1:4  unter  0,1  h"1  herabgesetzt  werden.  Die 
Messungen  der  Gesamtzellzahlen  bei  Versuchsbegmn  und  -ende  in 
den  Ansatzen  bestatigten  dieses  Ergebnis. 

Der  DOC-Gehalt  in  den  Wasserproben  nahm  wahrend  der  Bebrutung  im 
Karstwasser  urn  0,65  mg/1  ab.  Der  abbaubare  Anteil  betrug  17  %. 
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Bei  dem  Kischungsverhaltms  1:4  mit  Grundwasser  war  dagegen  keine 
meflbare  Abnahme  f estzustellen .  Bei  einer  Fahrweise  der  Wasserauf- 

bereitung  mit  diesem  Mischungsverhaltnis  karn  es  in  der.  letsten  2 
Jahren  zu  keiner  Verkeimuna  in  Rohmetz. 


4 .  Lanqfnstige  Losung 

Alle  Untersuchungen  sowie  die  langjahrige  Erfahrung  der  Salzbur- 
ger  Stadtwerke  haben  gezeigt,  daB  die  Hununstoffe  im  Karstwasser 
der  Furstenbrunnquelle  eindeutig  die  Ursache  fiir  das  Auftreten 

von  Crer.cthrix  polyspora  und  die  gelegentlichen  Verkeimungen  ins- 
bescndere  in  der.  Endstrangen  darstellen.  Als  langfristige  Losung 
ilt  deher  erne  Wasserauf bereitung  zur  Elimination  des  Huminstof f ■ 
gehaltes  des  Karstwassers  erf orderlich .  Hierfiir  bieter.  sich  ei- 
nerseits  chemisch-physikalische  Verfahren  (Ozonung,  Fiockung, 
Filtration)  und  andererseits  erne  Untergrundpassage  an. 


4 . 1  Aufbereitung  m  der  Versusnsanlaae 

Zum  Studiuiti  einer  Flockungsf iltration  wurde  eine  halbtechmscr.e 
Versuchsar.lage  fiir  einen  Durchsatz  von  bis  zu  1,6  m3/h  mit 

folgenden  Verf ahrensschritten  auf gebaut : 

Ozondosierung  -  Flockungsmitteldosierung  -  pH-Wert  Korrektur  - 
Flockungshilf smitteldosierung  -  Reaktionsbehalter  -  Filtration 
uber  Mehrschichtfilter  Sand  -  Koks  -  Aktivkohle  bzw.  Sand  - 
Koks  (Abb.  4.1.1.) 

Als  Flockungsmittel  wurden  Eisenchlorid,  Aluminiumsulf at  und  Po- 
lyaluminiumchlorid  in  weiten  Konzentrationsbereichen  jeweils  mit 
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und  ohne  Ozon  eingesetzt.  Dariiberhinaus  wurder,  verschiedene 
Quaiitaten  von  Polyacrylnitril-Flockungshilf smitteln  getestet. 

Erst  be:  hohen  Flockungsmittelkonzentrationen  ( ab  5  mg/1  Eisenj 
bildeter.  sich  absetzbare  Flocken.  Auch  Ozon  und  Polyacrylmtr 1 1 
bewirkten  keine  Verbesserung .  Dadurch  wire  die  chemische 
Aufbereitung  des  Karstwassers  wirtschaftlich  sehr  unattraktiv. 


4.2.  Eiologische  Aufbereitung  in  Untergrund 

Aus  den  gegebenen  geograpnischen  und  hydrogeologischen  Verhalt- 
mssen  im  Wassereinzugsbereich  air,  Untersberg  bietet  sich  zur 
Wasseraufbereitung  erne  Bodenpassage  des  Karstwassers  an,  bei  der 
die  bioiogischen  Prozesse  den  abbaubaren  Anteil  der  geiosten  or- 
gar.iscnen  Substanzen  hinreichend  reduzieren.  Em   Versuchsfeld  nu: 
Versickerungs-  und  Probeentnahmeeinrichtungen  wurde  angelegt  und 
die  Veranderung  der  Wasserqualitat  wahrend  der  Bodenpassage  durch 
em  intensive*  chemisches  und  mikrobiologisches  Untersuchungspro- 
gramm  uberwach:. 

Die  Transportleitung  von  der  Fiirstenbrunnquelle  zur  Stadt  fuhrt 
durch  das  Grundwasserf eld  Glanegg.  Zwischen  Quelle  und  Grundwas- 
ser-feld  verlauft  der  Rosittenbach ,  em  Wildbach,  der  unmittelbar 
beim  Ubertntt  aus  dem  steilen  Felsen  in  den  ebenen  Talboden  in 
semem  eigenen  Schwemmf acher  versickert  und  ganz  wesentlich  zur 
Grundwasserneubildung  xm   Grundwasserf eld  beitragt.  Die  Wasser- 
fuhrung  dieses  Baches  schwankt  sehr  stark.  Nur  an  wenigen  Tagen 
des  Jahres  ist  die  Wasserf iihrung  so  groB,  daB  ein  Teil  des 
Wassers  die  Versickerungsstelle  oberirdisch  im  Bachbett  verlaSt. 

Die  Zubringerleitung  von  der  Fiirstenbrunnquelle  kreuzt  dieses 
Bachbett  am  Beginn  der  Versickerungsstrecke ,  so  daB  es  nahe  lag, 
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Karstwasser  aus  der  Leitung  hier  mit  zur  Versickerung  zu  bringen, 
zumal  das  Eachwasser  und  das  Quellwasser  chemiseh  und  socar  bak- 
teriologisch  sehr  Shnlich  sind. 

Fur  diese  Grundwasseranreicherung  wurde  die  wasserrechtliche  Be- 
willigung  erteilt  und  daraufhin  zeitweise  im  AusmaB  bis  zu 
80  1/s  versickert. 

Auf  Verlangen  der  Landessanitatsdirektion  war  besonders  Augenmerk 
darauf  zu  richten,  daB  nicht  durch  die  Versickerung  des  Quell- 
wassers  das  Crenothrix-Problem  in  den  Grundwasserleiter  einge- 
SChleppt  wire.  Erne  Kontammaticn  konnte  mittels  intensive: 
Untersuchunger,  durch  das  Hygienemstitit  der  Universitat  Wien,  in 
Zusanmenarbeit  mit  der  bundesstaatlichen  bakteriologisch-serolo- 
giscben  Untersuchungsanstalt  Salzburg  mit  an  Sicberheit  grenzen- 
der  Wahrscheinlichkeit  ausgeschlossen  werden. 

Zur  Verfclgung  der  Vorgange  im  Untergrund  wurden  entlanc  der 
FlieBstrecke  drei  Kontrollpegei  emchtet,  die  es  erlaubten,  ein- 
wandfreie  v;asserproben  auch  fur  bakteriologische  Untersuchunger. 
zu  entnehmen  (Abb.  4.2.1).  Aus  diesen  drei  Pegeln,  sowie  der, 
Quellwasser,  dem  Eachwasser  und  dem  nachstgelegenen  Brunnen 
wurden  wochentlich  Kasserproben  entnommen  und  einer  wesentlich 
erweiterten  bakteriologischen  und  chemischen  Untersuchung 
unterzogen . 

Die  Ergebmsse  emer  Untersuchur.gsserie  sind  in  den  Tabellen 
4.2.1  und  4.2.2  zusammencef aBt  und  zeigen,  daB  die  klassischen 
bakteriologischen  Daten  eine  Abnahme  der  Werte  vom  Rosittenbach 
bis  hm  zum  Grundwasserwerk  Glanegg  aufweisen.  Die  Probenahmepe- 
gel  sind  in  der  Reihenfolge  131,  129  und  130  zwischen  Einlaufbau- 
werk  und  Grundwasserwerk  angeordnet .  Lediglich  Pegel  129,  der 
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auch  die  hochsten  Trubungswerte  aufweist,  fallt  etwas  aus  de^ 
Rahrr.en,  da  er  durch  eine  ancere  Grundwasserstrcmung  beeinfluBt 
wird  und  daher  nur  bedingt  zur  Bewertung  des  Aufbereitungsef fek- 
tes  des  Karstwassers  wahrend  der  Bodenpassage  herangezogen  warden 
darf . 
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Bemerkenswert  ist,  daS  alle  Werte  sehr  niedrig  sind  und  selbst  ir 
v;asser  des  Posittenbaches  sehr  kleine  Koloniezahlen  auftreten 
(Tab.  4.2.1).  Dieser  Befund  ist  durch  das  zum  Zeitpunkt  der  Pro-        »J 
bcnehme  trockene  und  kaite  Wetter,  bei  den  der  Bach  in  der  Kegel 
besonders  sauberes  und  klares  Wasser  fiihrt,  zu  erklaren .  Ubli- 
cherweise  hat  das  Bachwasser  keme  Trinkwassergualitat .  Erwar- 
tungsgerr.aC  ist  das  Wasser  des  Grundwasserwerkes  Glanegg  Bin 
gerir.gster.  belastet.  Erstaunlich  ist,  dae  lm  Gegensaiz  zu  unseren 
bisherigen  Erfahrungen  die  Koloniezahlen  bei  36  °C  Bebriitungs- 
temperatur  hoher  liegen  als  bei  20  °C.  In  keiner  Probe  der  fast  2 
Jahre  lang  betriebenen  Versickerung  konnte  Pseudomonas  aeruginosa 

nachgewiesen  werden  und  die  Gesamtzellzahlen  waren  mit  Werten 

3         4 

zwischen  10   und  5x10  /ml  ebenfalls  sehr  niedrig.  Die  Ergebnisse 

der  Fiirstenbrunnguelle,  die  langere  Zeit  aufler  Betrieb  war  und 
erst  kurz  vor  der  Probenahne  wieder  einspeiste,  gelten  deshalb 
mcht  als  reprasentativ,  sind  aber  sehr  klein. 

Die  Abnahme  des  DOC-Gehaltes  wahrend  der  Versickerung  zeigt 
ebenso  wie  die  mikrobiologischen  Kenndaten  deutlich  den  Auf- 
bereitungsef fekt  der  Untergrundpassage . 

Neben  den  klassischen  bakteriologischen  Paramtern  wurde  zusatz- 
lich  noch  die  Vermehrungsgeschwindigkeit  von  Bakterien  in  Ver- 
lauf  der  Untergrundpassage  gemessen.  Die  Befunde  sind  in  der 
Tabelle  4.2.2  zusammengef aBt .  Bedingt  durch  die  Wetterlage  war 
die  Abbaubarkeit  und  damit  die  Vermehrungsrate  der  Bakterien  im 
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Wasser  des  Rositter.baches  nit  0,11  h   recht  gering .  Je  nach 
Jahreszeit  liegen  hier  die  Werte  aber  wesentlich  hcher.  Bis  hm 
zurr  Grundwasserwerk  Glanegg  nehmen  die  Wachstumsraten  ab;  in 
Grundwasserwerk  ist  kerne  Bakterienvermehrung  mehr  festzustel- 
len.  Die  Gesamtzellzahlbes  c.immungen  in  den  Ansatzen  zur  Bestim- 
inung  der  Wachstumsraten  bestatigen  den  Befund. 

Die  Ergebnisse  der  physikalischen  und  chemischen  Parameter  sind 
in  den  Abb.  4.2.2  bis  4.2.4  dargestellt.  Die  Wassertemperaturen 
im  Verlauf  der  Bodenpassage  belegen  deutlich,  daB  das  versickerte 
Wass«r  entlang  der  Pegel  den  Boden  durchstromt  (Abb.  4.2.2). 
Die  Abnahme  der  organischen  Belastung,  gemessen  iiber  SAK  bei 
254  nm  und  KMnG4-Verbrauch,  wahrend  der  Bodenpassage  ze:gten  den 
biologischen  Abbau  im  Aquifer.  Die  Werte  verringern  sich  im 
Schnitt  urr.  den  Faktor  10  (Abb.  4.2.3  und  4.2.4). 

Em  ahnlich  guter  Auf bereitungsef f ekt  ist  sowohl  fur  die  DOC-  als 
auch  fiir  die  Triibungsdaten ,  die  hier  nicht  im  Bild  darge- 
stellt sind,  zu  erkennen . 

Zur  tiberpriifung  der  semerzeit  rechnerisch  ermttelten  Fliefl- 
zeiten  vom  Rosittenbach  bis  zum  Grundwasserwerk  Glanegg  wurde 
durch  die  Bundesanstalt  fiir  den  Wasserhaushalt  von  Karstgebieten 
in  Wien  em  umf  angreicher  Farbeversuch  mit  Uranm  durchgef  iihrt , 
der  eine  ausreichende  Sicherheitsspane  fiir  diese  Grundwasser- 
anreicherung  erkennen  lieB. 

Diese  Versuche  zur  Grundwasseranreicherung  brachten  das  Ergebnis, 
daB  durch  die  Untergrundpassage  bzw.  Grundwasseranreicherung  das 
Quellwasser  ebenso  gut  aufbereitet  wird,  wie  das  schon  eh  und  je 
dort  versickernde  Bachwasser,  womit  eine  kostengiinstige,  sichere 
und  naturnahe  Aufbereitungsmoglichkeit  fiir  das  Wasser  der 
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Purstenbrunnquelle  gefunder.  wurde 


5  •  Schluflfclgerur.ger.  und  Ausblick 

Bei  der  Auswertung  der  3 ahr2ehntelangen  Analysenreihen  des  Quell- 
wassers  konnten  noch  kerne  Veranderungen  erkannt  werden,  die  die 
pldtzliche  Baktenenmassenentwicklung  erklaren  konnten.  Trotzdern 
verhalt  sich  das  Quellwasser  derzeit  in  Rohrnetz  anders  als  in 
der.  Jahrzehnten  davor .  Es  wird  vermutet,  daC  die  in  den  hochal- 
pmen  Emzugsgebiet  der  Quelle  bereits  nachgewiesene  Verschlech- 
terung  der  Bodenbeschaf f enheit  in  Zusamnenhang  rait  dem  hier  sehr 
starker.  Waldsterben  steht.  Die  in  Boden  ablaufenden  biologischer. 
Abbau-  ur.d  damit  Reimgungsprczesse  sine  daher  r.icnt  mehr  sc 
effektiv  wie  friiher,  so  da£  sich  diese  Abbauprozesse  in  Rohrnetz 
wahrend  der  Verteilung  des  Trinkwassers  fortsetzen  konnen.  Die 
Ozonbehandlung  des  Wassers  verstarkte  offenbar  diesen  Effekt. 

Die  negativen  Veranderungen  der  Urawelt  scheinen  somit  bereits  auf 
die  Wasserversorgung  durchzuschlagen .  Es  wird  in  der  Zukunft  erne 
vordringliche  Aufgabe  sein,  die  Auswirkungen  der  Umweltver- 
anderungen  auf  das  Wasser  rechtzeitig  zu  erkennen  und  ihnen 
sachgerecht  zu  begegnen.  Hierzu  1st  die  Zusammenarbeit  verschie- 
dener  Institutionen  erf orderlich. 

Die  Untersuchungen  der  Salzburger  Stadtwerke  ermoglichten  emen 
Vergleich  zwischen  der  Aufbereitung  von  Karstwasser  durch  che- 
misch-physikalische  Verfahren  und  durch  Untergrundpassage .  Als 
wesentliche  Erkenntnis  ergibt  sich,  daB ,  zumindest  fur  die 
giinstigen  geographischen  und  hydrogeologischen  Verhaltnisse  in 
Grundwasserfeld  Glanegg,  bei  der  in  ihrer  Zusammensetzung  stark 
wechselnden  Fiirstenbrunnquelle  die  Untergrundpassage  ein 
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natiirliches,    sicheres    una   relativ   wartungsarmes    Verfahren    zur 

Trmkwasserauf  bereitung    darstellt. 

Die    Protieme    be.    der    Trmkwasserauf  bereitung    in    Salzburg    haber 
gezeigt,    dafi    die    Ozonbehandlung   ernes    stark   nut    Hummstoffen 
belastezen   Wassers   nicht    wie    in    friiheren    Jahren    bedenkenlos 
emgesetzt   werden    kann. 
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Abb.  3.1  Vermehrungsrate  in  Abhangigkeit  von  der 

Wasserzusamnensetzunq 
GW  =  Grundwasser,  KW  =  Karstwasser 

Abb-  3*2  Gesamtzellzahlentwicklung  in  den  Ver- 

suchsansatzen 
GW  =  Grundwasser,  KW  -  Karstwasser 

Abb.  4.1.1  Schematische  Darstellung  der  Versuchs- 

anlage  zur  Flockungsf iltration  von 
Karstwasser 

Abb.  4.2.1  Grundwasserfeld  Glanegg 

Abb.  4.2.2  Temperaturprofxl  irr,  Verlauf  der  Bo- 

denpassage  von  inf lltriertem  Karst- 
wasser 

Abb-  4.2.3  Messung  des  SAK-Wertes  bei  254  nm  in 

Verlauf  der  Bodenpassage 

Abb.  4.2.4  Messung  des  KMn04-Verbrauchs  im  Verlauf 

der  Bodenpassage 


WG-50 


I 


Vermehrungsraie(ti') 


0,2- 


A  DOC       OPl 
(mgll) 


0  1  - 


0,22 


0,65 


DOC  (mgll} 


3bb.       3.^1 


WG-51 


I 


10 


s_ 


Gesamtzellzahllml 

nach  rd.  25h  Bebr. 


10s- 


10 


L 


L. 


CD 


n 


k 
* 


flbb.   3.2, 


WG-52 


I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 


SCHEMA   FLOCKUNGSFILTRAT10N 


PAN       -<g- 
NaOH   H©- 


Fe/AI     -©- 
93         ■©" 


0 


3bb,     k.A.A 


A-KOHlf 


SL 


6 


£Li 


5 


HXWxjJ 


KOKS 


KES 


I — . 


r->X 


m 


KOKS 


KTES 


SL_ 


WG-53 


< 


20 


15- 


10- 


5- 


^OuF 


P131 


—  P129 

—  P130 


PWVI 


i 1 r      i 


t r 


FMAMJJASOND 
Untergmndpassage 


i     '  %^  w  •  ^    ■ 


WG-54 


I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 


I 
I 
I 
I 

1 


~     20- 
2 


* 


10- 


QuF 


_~22'2Z"ii — p131 

P130 

■ PWVi 


~i         i        i 1 1 1 1 n 1 1 r 

FMAMJJASOND 


Untergrundpassage 


—  r    <■  — 


■OC 


II 
II 


WG-55 


water 
sample 


membrane 
fil 


i 


sterile 

sodiumohloride 

(0.9%) 


en 
en 


cuvette  I — P 

cine  tic  LaJ 


maqn 
stirrer 


TZ$ 


sterile  filtration 


um  pump 


carbonfree 
nutrient  salt 
solution 


total  cell  number 
DOC 


turbidity  (12c  foreward  scattering) 


Fig  1:   Preparation  of  the  water  samples  for  the  measurement 
of  the  growth  rate  of  bacteria 
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Fiq  2:   Automatic  equipment  for  the  turbirlity  measurement 
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Fig  3:   Multiplication  of  Pseudomonas  fluoresceins  in  nutrient 
broth.  Standard  deviationsas  bars  at  the  values  of 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  #:        WG-04 


Project    i  ltle: 

i Remediation  of  contaminated  sites  by  biodegradation 


Contact  (name  of  person,  organization,  address,  telephone): 
P .  Werner  ,  H  .  -J  .  Brauch 

DVGW-research  center  at  the  Engler-Bunte-Institute,  Dept.  of  Water 
Chemistry,  University  of  Karlsruhe, 
Richard-Willstatter-Ailee  5 
D-7500  Karlsruhe  1 
FRG 
telephone:  0721/608-2596 


Project  Description  (Piease  attach  £  schematic  diagram  i *  approcri ate, : 

The  biodegradation  of  hydrocarbons  by  microorganisms  is  utilized  for  the 
remediation  of  contaminated  sites.  The  method  consists  in  optimizing  the 
environmental  conditions  at  the  site  for  the  mineralization  processes. 
The  conditions  required  are  developed  in  the  laboratory  and  tested  in 
on-site  and  in-situ  field  experiments.  The  contaminated  soil  is  flushed 
by  water  in  which  growth  factors  as  there  are  ammonia  and  phosphates  are 
added.  A  typical  result  of  a  flow-through  column  experiment  in  laborato- 
ry scale  utilizing  contaminated  soil  from  a  cokeovenplant  is  shown  in 
the  attachment. 

The  biodegradation  is  limited  by  the  solubility  of  the  attached  hydro- 
carbons in  the  soil.  The  addition  of  inorganic  solvents  is  tested  to 
increase  the  concentration  of  the  pollutants  in  the  aqueous  phase  (see 
attached  pre-publication) .  The  method  is  still  in  the  development  and  is 
now  tested  under  pilot  scale  conditions  at  contaminated  sites. 
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Operating  and  cost  data  (including  data  on  efficiency,  results,  etc.): 

No  cost  data  are  available,  because  the  method  was  not  yet  applied  in 
large  scale. 


Place(s)  of  installation/application  ( including  dates^  : 

The  work  was  carried  out  mainly  in  polluted  areas  of  cokeoven-  and  coal- 
gasification  plants  and  of  crude  oil  refineries.  The  soil  is  treated  on- 
site  and  m-situ.  See  attached  pre-publication. 


Patent  staus,  if  applicable":"" 

The  method  concerning  the  increase  of  the  concentration  of  hydrocarbons 
in  the  aqueous  phase  by  adding  inorganic  solvents  is  planned  to  be 
patented. 


Other  information  (e.g.,  funding  source,  cooperating  agencies,  etc.) 

Most  of  the  research  was  sponsored  by  the  German  ministry  of  research 
and  technology. 


If  available  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,   patent  descriptions,   etc. 
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ASPECTS  ON  THE  IN-SITU  AND  ON-SITE  REMOVAL  OF  HYDROCARBONS  FROM  CONTAMINATED 
SITES  BY  BIODEGRADATION 

P.  WERNER,  H.-J.  BRAUCH 

KEYWORDS 

Behaviour  (of  contaminants),  benzene,  biodegradation,  biological  treatment, 

gas  works,  groundwater  protection,  in-situ,  on-site  treatment,  PAH,  PCA 

INTRODUCTION 

Biodegradation  of  hydrocarbons  is  well  known  since  a  long  time  (1,  2,  3). 
Remediation  by  biological  methods  in  large  scale  nearby  a  waterplant  is  des- 
cribed by  Nagel  et  al  (4).  The  clean-up  of  a  sandy  aquifer  polluted  mainly 
with  aromatic  hydrocarbons  by  activating  the  indigenous  microflora  was  al- 
ready published  by  Battermann  and  Werner  (5).  The  mineralization  of  mineral- 
oilproducts  occurs  naturally  worldwide,  as  there  are  to  mention  spills  from 
refineries,  crude  oil  pollution  on  sea  and  so  on  (3). 

The  processes  in  cokeovenplants  are  connected  with  the  production  of  large 
amounts  of  aromatic  hydrocarbons.  The  type  of  pollution  consists  mainly  of 
Denzene,  toluene,  xylene,  naphthalene  and  polycyclic  aromatic  hydrocarbons 
(PAH  s),  which  by  permeation  might  endanger  groundwater  beneath  and  in  the 
vicinity  of  the  plants  (6).  Abondaned  industrial  areas  only  can  be  used  in 
another  way,  when  they  are  remediated.  Table  1  gives  an  overview  on  the 
methods  used  for  clean-  up  measures.  The  most  common  and  classical  method 
consists  in  replacing  the  polluted  soil  by  non  polluted  one.  The  four  first 
mentioned  methods  cannot  be  regarded  as  a  final  solution  for  the  problems 
because  the  hydrocarbons  are  not  removed  and  they  are  still  existing  in  the 
environment. 

TABLE  1.  Remediation  measures 

Replacing  the  contaminated  soil  by  non  polluted  one  (landfill) 

II  Hydraulic  or  mechanical  prevention  of  spreading 

III  Incapsulation 

IV  Extraction 

(I  -  IV  Contaminants  are  still  existing) 

V  Incineration 

VI  Biodegradation 

(V  -  VI  Contaminantt  are  removed  by  mineralisation) 

In  the  frame  of  a  research  programme  aponsered  by  the  German  ministry  for 
research  and  technology  (BMFT)  possibilities  for  the  remediation  of  polluted 
industrial  areas  based  on  biodegradation  in  combination  with  physico-chemi- 
cal methods  supporting  this  process  are  investigated. 

On-site  as  well  as  in-situ  measures  were  tested  at  an  abondaned  coal-gas- 
ification area  in  North-Rhine-Westfalia  in  Western-Germany.  The  hydraulic 
and  hydrogeological  situation  is  described  elsewhere  (7).  In  this  publica- 
tion mainly  the  microbiological  aspects  are  discussed. 

IN-SITU  TREATMENT 

Three  in-situ  test  sites  were  installed,  which  are  shown  as  a  cross  sec- 
tion in  figure  1,  The  penetration  of  the  flushing  water  to  the  side  was  pre- 
vented by   plastic  layers.  The  toil  layer  below  the  polluted  material  con- 
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sisted  in  clay  and  showed  a  permeability  of  less  than  10~  m/s,  which  gave 
protection  to  the  lower  aquifers  from  the  pollution.  The  si2es  of  the  fields 
are  given  in  figure  1. 


treatment  III 
treatment  11^? 


FlGJRz   i.  Cross-section  of  the  m-situ  test  fields 

The  treatment  of  the  flushing  water  consisted  in  air-stripping,  floccula- 
tion,  trickling  and  rapic  sand  filtration.  Iron  and  manganese  were  removed 
ana  the  water  was  aerated.  In  order  to  enhance  the  biodegradation  nutrients 
as  there  are  nitrates,  ammonia  and  phosphates  were  adoed.  The  final  concen- 
tration of  phosphates  was  0,3  mg/1  and  that  of  ammonia  1,0  mg/1.  0,5  to 
l,m  /n  flushing  water  was  treateo,  which  corresponds  at  a  porosity  of  25  % 
to  a  resioerce  time  in  the  field  experiment  of  1,5  up  to  3  days.  A  more  de- 
tailed information  on  the  treatment  processes  is  given  elsewhere  (7). 

The  different  conditions  tested  are  listed  Pelow: 

I  nutrients,  H  0 

II  nutrients,  propane.1  ,  nitrates 

III  nutrients,  without  any  additional  chemicals 


Afte>-  in  operation  time  of  only  two  weeks  no  hydrocarbons  could  be  detect- 
ed any  more  in  the  flushing  water  due  to  their  biodegradation  (see  below) 
and  to  their  low  solubility.  To  increase  the  solubility  of  the  pollutants 
propanol  in  a  final  concentration  of  0,5  to  1  %   as  a  surfactant  was  added  to 
the  flushing  water.  In  laboratory  experiments  an  increase  of  the  solubility 
of  the  soil  connected  hydrocarbons  at  the  contaminated  site  could  be  found. 
A  laboratory  test  was  performed  as  follows:  50  g  of  polluted  material  was 
shaken  in  1  1  of  different  concentrations  of  methanol  up  to  4  %  and  the  hy- 
drocarbons were  analysed  with  the  help  of  GC/MS  in  the  supernatant  after 
filtration.  Introducing  1  %  of  methanol  to  increase  to  solubility  the  best 
result  was  obtained.  Figure  2  indicates  the  behaviour  of  A  different  hydro- 
carbons out  of  the  consortia  of  about  20  hydrocarbons  found  in  the  polluted 
soil. 

The  use  of  alcohols  was  preferable  to  the  majority  of  the  other  surfac- 
tants because  alcohols  are  biodegradable  and  can  be  removed  completeley  even 
in  high  concentrations  from  the  flushing  water  by  the  addition  of  nitrate  as 
an  electron  acceptor  to  the  system.  The  result  of  this  step  was  as  expected 
an  increase  of  the  concentration  of  the  hydrocarbons  in  the  flushing  water 
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FIGURE    2. 
Increase    of   the 
solubility    of    hy- 
drocarbons   by   me- 
thanolic   aqueous 
solutions. 


2       J 

methanol  in  % 
(figure  3),  on  the  other  nana  the  permeability  of  the  soil  was  lowered  al- 
most to  zero,  due  to  biomass-  and  gas-production,  Tc  illustrate  this  effect 
the  values  or  acenashthene  are  given.  Figure  3  shows  the  removal  of  the  hy- 
drocarbons after  adding  the  alcohols.  Moreover  it  can  be  seen,  that  each  ad- 
dition of  propanol  was  followed  by  a  new  increase  of  the  hydrocarbons  in  the 
flushing  water  ana  their  final  concentrations  decrease  from  time  to  time. 

The  removal  of  the  dissolved  hydrocarbons  was  due  to  biodegradation  as 
could  be  shown  in  a  laboratory  experiment.  An  aliquot  of  flushing  water  from 
the  field  after  the  addition  of  alcohol  was  incubated  in  a  fermenter  system. 
Figure  4  demonstrates  the  mineralisation  of  the  pollutants  under  aerobic 
conditions  in  the  flushing  water,  where  the  propanol  concentration  was  about 
0,5  %.  The  sterile  vial,  which  was  poisoned  by  adding  100  mg/1  HgCl  ,  showed 
no  decrease  of  the  five  analysed  hydrocarbons.  2 

In  order  to  get  more  information  on  the  influence  of  alcohols  on  the  ki- 
netics of  the  rrineralization  of  hydrocarbons,  the  biodegradation  of  phenan- 
threne  in  the  presence  of  different  concentrations  of  propanol  was  investi- 
gated. An  artificial  test  solution  of  phenanthrene  in  Different  concentra- 
tions of  prooancl  up  to  100  mg/1  was  prepared  and  inoculated  with  bacteria 
isolated  from  the  flushing  water  of  the  field  experiment.  No  influence  of 
the  propanol  on  the  removal  of  the  hydrocarbon  could  be  found,  as  can  be 
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Effects  of  adding  propanol  on  the  solubility  of  hydrocarbons 
( Acenapnthene  ) 
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FIGURE  -a.    Ae-obic    biodegradation   of    hydrocarbons    in    flushing    water    in    the 
presence   of  0,5  %  propanol    in   a   laboratory   test. 
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seen  in  figure  5.  Although  there  is  an  increase  in  the  bacterial  counts  with 
increasing  concentrations  of  propanol  (figure  6)  no  acceleration  of  the  bio- 
degradation  was  observed. 


C.4 


Addition  of  Propanol 

O  0  mg/l 
O  10  mg/! 
♦   100  mg/I 


Incubation  time   (d) 


FIGLPE  5.  Influence  o*"  propanol  on  the  biodegradation  of  phenanthrene 
(concentration  of  phenanthrene) 


10* 


10' 


Addition  of  Proponol 


O  0  mg/l 
O  10  mg/I 
♦  100  mg/I 


12  3  4 

Incubation  time   (d) 


FIGURE  6.  Influence  of  propanol  on  the  biodegradation  of  phenanthrene 
(bacterial  data) 
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However  the  data  from  this  research  remain  only  in  the  scientific  and  aca- 
demic interest,  because  alcohols  cannot  be  used  in  large  scale  neither  m- 
situ  nor  on-site  causing  a  decrease  of  the  soil  porosity  due  to  biomass-  or 
gas  productions. 

One  of  the  main  problems  concerning  remediation  methods  in-situ  is  the  in- 
homogeneity  of  the  polluted  soil.  The  distribution  of  the  flushing  water  was 
not  at  all  homogenious  and  therefore  parti  of  the  conta^inatec  site  couic 
not  be  flushed  by  the  water.  Although  the  bioaegraaation  of  the  hydrocarbons 
was  excellent  as  shown  above,  in-situ  treatment  seems  not  to  be  promising  as 
a  clean  up  process.  After  an  operation  time  of  about  1  year  in  all  three  ex- 
perimental sites  still  high  concentrations  of  hycrocarbons  in  the  soil  could 
be  aetected,  being  in  the  same  range  as  at  the  beginning  (about  1  g/kg 
soil),  while  at  the  same  time  the  flushing  water  was  already  free   of  conta- 
minants. 

The  optimum  requirements  for  in-situ  treatment  are  listed  in  table  2.  If 
all  of  these  requirements  are  met,  the  in-situ  measures  would  be  possible, 
but  for  the  most  cases  an  on-site  treatment  seems  to  be  preferable. 

TABLE  2.  Requirements  for  biological  in-situ-treatment 

MICROBIOLOGICAL  POINTS  QF  VIEW: 

BIODEGRADABILIT*  OF  THE  CONTAMINANTS 
CONCENTRATION  OF  THE  CONTAMINANTS 
ABSENCE  0"  TOXIC  SUBSTANCES  (E.G.  HEAVY  METALS) 
SOLUBILITY  OF  THE  CONTAMINANTS 

HYDRQGEOLOGICAL  POINTS  OF  VIEW: 

HYDRAULIC  CONDUCTIVITY     5  X  1 Q~*   M/S 

FLUSHING  CIRCUIT 

WATER  TREATMENT  BEFORE  INFILTRATION 

HOMOGENIOUS  DISTRIBUTION  OF  THE  CONTAMINANTS 

PREVENTION  OF  SPREADING  OF  THE  CONTAMINANTS 

HOMOGENIOUS  FLUSHING  THROUGH  THE  CONTAMINATED  SOIL 

BIODEGRADATION  TESTS  IN  LABORATORY  SCALE 

These  investigations  were  performed  in  oroer  to  obtain  more  information  on 
the  conditions  required  for  the  on-site  treatment  of  polluted  soils.  The 
Oiodegraoation  tests  of  hydrocarbon  polluted  soil  were  performea  in  percola- 
tion devices.  The  sample  was  filled  in  a  1  m  long  column  with  a  diameter  of 
10  cm.  The  soil  was  flushed  downstream  continuously  using  about  30  1  of  tap 
water  to  which  nutrients  as  there  are  ammonia  and  phosphates  were  added.  Be-  m 

cause  the  permeability  of  the  soil  flushed  differed,  a  by-pass  had  been  in-  'v 

stalled.  The  possibility  to  inject  oxygen  is  given.  Several  sample  taps  al- 
low to  observe  the  waterquality  during  the  run. 

The  results  from  an  experiment  with  soil  from  an  abondaned  coalgasif ica- 
tion  plant  are  shown  in  figures  7  and  8.  After  2  weeks  of  operation  time  no 
hydrocarbons  in  the  flushing  water  could  be  detected,  although  the  DOC- 
value  was  still  very  high  (about  50  mg/1).  The  initial  concentration  of  hy- 
drocarbons in  the  soil  measured  by  IR-spectroscopy  was  1400  mg/kg  aromatic 
ana  800  mg/kg  aliphatic  compounds.  They  decreased  in  the  course  of  an  opera- 
tion time  of  about  50  days  to  less  than  200  mg/kg  aromatic  hydrocarbons  ana 
aliphatic  compounds  were  lower  than  detection  limit.  Utilizing  GC/MS  analy-  S 

s:s  similar  results  coula  be  obtainec.  The  initial  concentration  of  coke-  * 
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ovenplant  specific  substances  of  2200  mg/kg  as  a  sum  was  biodegraded  to 
40  mg/kg  (figure  8).  The  bacterial  counts  indicate  decreasing  values  with 
decreasing  contents  of  hydrocarbons.  The  initial  colony  counts  in  the  flush- 
ing  water  were  in  a  range  of  more  than  10 


*« 
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FIGURE  7.  Biodegraoation  of  hydrocarbons  in  a  flow-through  column  filled 
with  contaminated  soil  -  hyarocarbons  in  the  flushing  water 
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In  another  experiment  the  column  was  filled  with  soil  from  the  same  cone- 
ovenplant  with  similar  initial  concentrations  of  hydrocarbons  in  the  soil 
(about  2200  mg/kg).  The  run  was  performed  as  described  above.  In   this  case 

the  concentration  of  the  pollutants  in  the  flushing  water  was  about  one  or- 
oer  of  magnitude  higher  than  in  the  run  mentioned  earlier  (figure  9).  A  ra- 
pid decease  of  the  concentration  of  hydrocarbons  in  the  wate--  measu-ed  by 
infrareosoectroscopy  was  found.  After  an  operation  time  of  5  months  about 
75  %   of  the  polluting  compounds  in  the  soil  analyzed  by  GC/MS  were  biode- 
graoed  (table  3). 
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FIGURE  9.  Biodegradation  of  hydrocarbons  in  a  flow-through  column  filled 
with  contaminated  soil  -  hydrocarbons  in  trie  flushing  water 

TASlE  3.  Concentration  of  hydrocarbons  in  soil  before  and  after 
microbial  remediation  in  a  flow-through  column 
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The  data  of  the  laboratory  and  field  experiments  can  serve  as  incications 
for  the  practical  aoDlicaoility  of  such  measures  concerning  on-site  treat- 
ment. At  the  mentioned  abonoaned  coalgasif ication  plant  3  on-site  test 
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fields  were  installed.  The  tests  are  not  yet  completed  and  the  results  shall 
be  published  in  a  future  publication. 

MOBILIZATION  OF  THE  CONTAMINANTS 

The  experience  from  the  experiments  show  that  the  removal  of  hydrocarbons 
if»  contaminated  sites  is  limited  by  the  adhesion  of  the  pollutants  to  the 
soil.  As  discussed  earlier  it  was  not  worthwhile  to  try  to  overcome  the  pro- 
blem by  utilizing  alcohols  as  surfactants,  because  this  step  causes  clogging 
of  the  soil.  Therefore  other  methods  must  be  developed  to  bring  the  contami- 
nants in  satisfactory  contact  to  the  bacteria.  One  possibility  could  be  to 
decrease  the  aosorbability  of  the  hydrocarbons  to  the  soil.  Hydrocarbons  are 
highly  aasorbeo  especially  by  clay  materials. 

In  our  experiments  an  inorganic  substance  was  used  to  increase  the  concen- 
tration of  the  hydrocarbons  in  the  aqueous  phase  by  releasing  them  from  the 
clay. 

Figure  10  shows  an  example  of  the  benificial  effect  of  utilizing  this 
method.  A  contaminated  soil  from  an  abondaned  eoalgasif ication  plant  (1  g 
hydrocarbons/kg  soil)  was  brought  into  contact  with  different  aqueous  con- 
centrations of  this  substance  and  shaken  for  about  1  hour.  While  in  pure  wa- 
te-  only  a  vc-y  small  amount  of  the  hycrocarbons  were  dissolved  the  values 
increased  to  8  mg/1  hydrocarbons  at  a  final  solvent  concentration  of  0,5  % 
(submitted  as  a  patent).  The  results  received  show  that  this  substance'is 
nontoxic  anc  ooes  net  se-ve  as  a  suostrate  for  the  bacteria  as  alcohols  oo. 
Moreover  it  can  be  removed  by  flocculation  afterwards. 
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FIGURE  10.  Effect  of  an  inorganic  solvent  on  the  mobilisation  of  hydro- 
carbons from  contaminated  soil. 

It  is  planned  to  characterize  the  behaviour  of  such  solvents  and  to  test 
their  applicability  for  remediation  measures  in  the  frame  of  future  research 

projects. 

In  conclusion  we  can  say  that  the  biodegradation  of  hydrocarbons  itself  is 
not  the  only  problem.  Moreover  the  use  of  microbial  activity  for  remediation 
methods  needs  further  research  on  the  optimum  conditions  required  for  the 
mineralization.  In  adaition  it  is  necessary  to  bring  the  contaminants  in  a 
close  contact  with  the  bacteria  to  enable  the  biodegradation. 
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Lime  softening  can  be  used  with  larger  success,   if  the  lime  is  given 
in  solution.    In  this  case  it  will   also  be  possible  to  use  the  calcium 
carbonate  as  a  powder  for  paper  making  etc.   But   15  -  30  %  of  the 
water  to  be  treated  has  to  be  used  for  preparing  this  clear  solution. 
The  apparatus  to  do  this  can  be  reduced  in  size  through  a  high  energy 
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separator.   More  details  can  be  seen  from  the  attached  schematic  diagram. 
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Recovery  of  High-Purity  Calcium  Carbonate  during  the 
Decarbonization  of  Drinking  Water 

D.  Flinspach  and  G.  Werner,  Zweckverband  Landeswasserversorgung  Stuttgart,  Schiitzcnstrafie  4, 

D-7000  Stuttgart,  FRG 

Abstract:  The  LandeswasserversortrungSturtgan  (Stuttgart  Regional  Water  Supply  Association)  has  developed  a  new  type  of 
decaroonuaiion  svstem  which  is  sienificantlv  more  compact,  efficient  and  reliable  in  service  than  previously  known  plants  of 
irus  land.  In  this  context,  it  is  ejpeaallv  imponant  that  the  new  type  ot  svstem  provides  tor  the  recovery  of  calcium  carbonate 
in  an  ultrapure.  industrially  usable  form  during  the  decarbonization  of  dnnKing  water  The  sale  of  high-grade  calcium  carbo- 
nate solves  the  disposal  problems  and  contributes  to  covering  the  operating  costs  of  decarbonization.  In  order  to  recover  cal- 
cium carbonate  of  ullrapure  quality,  it  proved  necessary  to  use  repurified  lime  water  instead  of  lime  milt;  the  former  is  pro- 
duced appivtng  a  method  which  has  likewise  been  developed  recently. 

La  recuperation  d'un  carbonate  de  calcium  de  grande  purete  pendant  la 
•»       decarburation  de  Teau  potable 

Resume:  La  Landeswussenersorininc  Stuttgart  (Association  de  Distribution  d*Eau  de  la  Region  de  Stuttgart)  a  mis  au  point 
un  nouveau  svsteme  de  decarburation  qui  est  sensiblement  pius  ramasse.  plusefficace  et  plus  fiable  que  les  installations  de  cette 
naturr  precedemmeni  connues.  Element  tres  imoortani.ee  nouvtau  svstemc  permet  Or  recuperet  le  earponate dt  calciumsous 
une  forme  ultra  pure  et  indusinellemem  unliable  au  cours  ae  la  decarburation  oe  I'eau  potable.  La  vente  Oe  carbonaie  de  cal- 
cium de  naute  quaine  resout  les  problemes  devacuation  et  comribue  a  couvnr  les  depenses  d'exploitation  du  precede.  Afin 
d'obtemr  du  carbonate  oe  calcium  dune  quaine  ultra  pure,  il  est  nccessaire  d'uliliscr  de  1'eau  de  chaux  au  lieu  du  lait  de  chaux; 
le  premier  est  produii  en  appiiquant  une  methode  qui  a  ete  cgalement  rccernmem  mise  au  point. 


Introduction 

The  Landeswasserversorgung  Stuttgart  (Stuttgart  Regional 
Water  Supply  Association)  is  one  of  the  largest  and  oldest 
ionc-distance  supply  systems  in  the  Federal  Republic  of  Ger- 
many. The  enterprise  was  formed  tn  1912  and  at  present 
supplies  water  to  2.5  million  inhabitants  of  220  cities  and  com- 
munities in  southern  Germany  (  Baden- Wurttcmbcrg).  includ- 
ing the  c:t\  of  Stuttgart  and  us  environs.  In  19S5.  the  drinking 
water  "applied  amounted  *o  S5  M  mJ 

Because  water  is  scarce  ?n  the  area  supplied  by  ;he  Landes- 
«  j>-;r\'crsorc'jnc  Stuttcari.  the  water  must  be  obtained  in  the 
catchment  area  of  the  Danube  between  L'lm  and  Heidcnhcim. 
From  here  three  long-distance  pipelines  are  used  to  transport 


the  drinking  water  over  a  distance  of  100  km  to  the  area  of 
greatest  demand.  Stuttgart  and  its  environs  I  Fig.  1 ). 

In  the  region  between  Ulm  and  Heidcnhcim.  the  Landes- 
wasserversorgung Stuttgart  operates  three  groundwater  purifi- 
cation plants  and  one  surface-water  treatment  plant  in  which 
river  water  from  the  Danube  is  treated  to  produce  drinking 
water.  Approximately  70  M  trr  of  water  is  obtained  annually 
from  the  groundwater  plants  and  approximately  15  M  m  from 
the  Danube  water  treatment  plant  (Lar.genau  Waterworks), 
although  the  capacity  of  the  latter'is  approximately  "0Mm"yr. 

The  hardness  of  the  water  obtained  in  the  individual  water- 
works vanes  considerably.  Whereas  the  hardness  of  the 
Groundwater  has  values  oetween  3.1  and  5.0  molm  .  the  hard- 
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Fig.  I.  Location  map  showing  plants  3nd  area  served  by  the  Landeswasserversorgung  Stuttgart 
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ncss  of  the  Danube  water  is  about  2.5  moVm:.  The  drinking 
water  supplied  is  a  mixture  of  the  water  obtained  in  the  indi- 
vidual waterworks  and  has  a  hardness  of  approximately  3.6 
mol/mJ. 

The  drinking  water  of  the  Landeswasserversorgung 
Stuttgart  is  to  be  classified  as  especially  high-grade  with  respect 
to  its  properties  as  a  foodstuff  and  does  not  have  to  be  sottened 
for  this  purpose.  For  some  time,  however,  it  has  been  notice- 
able that  the  consumers'  desire  for  softer  drinking  water  has 
been  erowtng,  and  water  soiteners  are  being  installed  increas- 
ing in  residential  buildings.  The  resulting  costs  lor  the  con- 
sumer are  consideraoie.  and  the  technical  maintenance  and 
hygienic  conditions  of  such  installations  present  certain  dif- 
ficulties. 

For  this  reason,  the  Landeswasserversorgung  Stuttgart  de- 
cided to  investigate  how.  the  hardness  of  the  water  could  be  re- 
duced to  some  extent.  The  obvious  solution  to  this  problem 
was  to  decarbonize  the  hard  groundwater  and  to  remix  it  with 
the  other  water.  The  objective  is  to  reduce  the  hardness  of  the 
drinking  waier  from  3 .6  mol/nv  to  approximately  Z.  5  moL  mJ. 

Hish-purily  calcium  carbonate  as  an  interesting  raw  material 
for  further  industrial  utilization 

Various  technically  perfected  methods  are  available  for  the 
central  softening  of  drinking  water.  For  the  project  of  the 
Landcswasserversorcung  Stuttgart,  however,  it  became  evi- 
dent at  an  early  point  that  for  technical  and  economic  reasons 
only  a  dccarbomzation  processs  using  hydrated  lime  could  be 
considered."  The  decisive  factor  in  this  context  was  that  the 
compact  fiocculation  system  commissioned  in  tnc  Langenau 
Waterworks  in  19S1  can  be  used  for  such  a  process.  This  system 
was  developed  and  constructed  by  the  Landeswasserxersor- 
gung  Stuttgar:  to  improve  the  treatment  of  river  water  from  the 
Danube. :  !t  is  designed  as  a  two-line  system:  each  line  has  a 
flow  rate  capacity  of  "50  l/s.  Except  for  periods  of  extremely 
man  consumption,  the  canacitv  of  a  single  line  is  adequate  ;or 
Danube  water  treatment  so  that  normailv  the  second  line  is 
available  for  other  purposes.  Comprencnsive  investigations 
have  shown  that  the  compact  flocculation  system  is  outstand- 
ingly suitable  for  use  in  carrying  out  a  type  of  "accelerated  slow 
dccarbomzation".  This  new  type  of  dccarronization  process  is 
characterized  by  the  following  advantages  in  particular: 

—  The  special  design  of  the  compact  floccuiuuon  svstcm  pro- 
vides for  problem-free  operation  with  vers  high  concentra- 
tions of  contoct  -tudgc.  e.g.  up  to  more  than  15  kg  m'  of  the 
groundwater  to  he  decarbonized. 

—  For  this  reason,  the  decarbomzation  process  is  aiw.iv;  com- 
pleted although  ihe  reaction  time  of  less  than  ID  mm  is 
short  b\  comparison  with  conventional  slow  dcearhoniza- 
tion  plants.  Tnc  total  detention  time  in  the  installation,  in- 
cluding separation  of  solids  amounts  to  just  under  20  mm. 

—  Thanks  to  the  special  design  of  the  mtckenerwith  a  lamella 
separator,  the  precipitated  caicium  carbonate  and  the  con- 
tact sludge  arc  retained  almost  completely  so  '.hat  the  fil- 
ters arc  hardly  loaded.  Tnc  solids  content  in  the  effluent 
can  be  kept  lower  than  !-!  mgl. 

Although  this  means  that  the  prerequisites  for  a  central  sof- 
tening process  *cre  favorable  in  the  Langenau  Waterworks. 
one  obstacle  still  remained,  i.e  the  disposal  of  the  calcium  car- 
bonate sludec  produced  during  the  dccarbomzation  process.  It 
must  be  noted  thai  at  least  I -.500  t  yr.  of  calcium  carbonate, 
calculated  as  dry  solid  matter,  result  from  the  planned  decar- 
bomzation process.  Because  the  calcium  carbonate  is  obtained 
as  sludce  with  a  3olids  content  of  approximately  3©-35°«.  this 
results  m  the  pronlcm  of  disposing  of  130  t  of  excess  ^luuge 
daily. 

Tucle  1  shows  :hc  reaction  equation  for  the  dccarbomzation 
process  and  the  associated  mass  balance.  Moreover,  it  must  be 
noted  that  in  addition  to  the  removal  of  the  calcium  hvdrocen 


carbonate  (Ca(HCO,):)  the  free  carbon  dioxide  contained  in 
the  groundwater  —  amounting  to  60  g/m3  in  the  case  of  the 
Landeswasserversorgung  Stuttgart  —  must  be  bounded. 

Table  I.  DecjrtionLzatton-CA(OH);  Demand -CACO)  Yield 


Object'** 


Specific  demand  lor  I 
|  CatOH),         I 


Specific  yield  . 

CaCO, 


Reduction  at  watt' I 
noioness  by   'moW-Tr1. 


74  q/m> 


:00  g/m1 


SemovOt    o' 
'  j  CO;  /  m'_ 


227g/r 


CO, 


CalOHJj  —   CaC03    •     H2  0 


Ca(HCQ3l2*CalOH}2  —   2CaC03*  2H:  0 

These  data  make  it  clear  that  in  the  final  analysts  the  planned 
dccarbomzation  process  is  a  problem  of  lime  sludge  removal. 
For  both  technical  and  economic  reasons,  a  process  of  sludge 
deposition  leads  to  almost  insuperable  difficulties  because  suit- 
able sludge  dumping  areas  of  the  required  magnitude  are  not 
available  in  tne  large  zones  tor  the  protection  ot"  water  encircl- 
inc  the  Langenau  Waterworks.  A  good  solution  could  there- 
fore be  found  only  if  the  calcium  caroonate  sludge  could  be 
successful))  passed  on  lor  turther  utilization. 

The  search  for  a  sales  market  led  to  the  recognition  that  cal- 
cium carbonate  is  in  fact  a  raw  material  which  can  be  used  in 
large  amounts,  tor  example,  in  the  plastics,  dvestuff  and  in  par- 
ticular the  paper  industries.  Tne  prerequisite  for  an  economi- 
cally interesting  market  is.  however,  that  the  material  be  of- 
fered to  the  purchasers  concerned  in  an  ullrapure  form,  above 
all  with  a  high  degree  of  whiteness. 

The  groundw-ater  of  the  regional  water  supply  system  is 
naturally  very  pure  and  in  particular  contains  no  significant 
:ron  and  manganese  :rr.runtics  so  :he  purity  requirements  of 
the  calcium  caroonate  can  be  satisfied  in  [bis  respect.  Difficul- 
ties arose,  however,  with  respect  to  the  calcium  hydroxide  or 
calcium  oxide  to  be  used  as  precipitants.  All  the  technical  pro- 
ducts available  on  the  market  exhibit  such  high  impurities  that 
the  resulting  prccipitaied  caicium  carbonate  is  unsuitable  for 
further  utilization. 

Problems  with  the  recover?  of  superpure  industrial!?  usable 
calcium  carbonate  dunn<:  the  decarbomzation  process 

In  the  spring  of  ls>82.  the  Federal  .Minister  for  Research  and 
Technology  iB.MFT)  cave  us  approval  to  the  Landeswasser- 
versorgung Stuttgart  to  implement  a  research  project  in  ordci 
to  develop  the  methodological  bases  for  a  groundwater  dccar- 
bomzation process  in  which  high-purity  calcium  carbonate  is 
produced.  This  protect  nas  been  concluded  in  tnc  meantime. 

In  a  second  stage,  the  process  developed  in  recent  year-  by 
the  Landeswasserversorgung  Stuttgart  is  to  be  implement:™  in 
practice,  likewise  in  the  context  of  a  research  project,  in  which 
the  prototvpc  of  an  industriai-scale  plant  for  groundwater  de- 
carbonizauon  is  to  be  planned  and  erected.  According  to  the 
current  time  schedule,  such  a  largc-»c.'ilc  plant  will  hu  commis- 
sioned in  the  Langenau  Waterworks  around  the  beginning  o( 
l«9. 

The  follow  in;  discussion  describes  the  problems  faced  by 
the  research  project  and  the  manner  in  w  hich  tney  were  soi\  ed. 

The  first  problem  was  to  secure  the  envisaged  high-punt?  of 
the  calcium  carbonate  which  could  not  be  achieved  using  tne 
hvdratcd  lime  available  on  the  market.  It  was  first  attempted  to 
rccalcinate  the  carbonate  produced  during  decarbomzation 
operation  in  mgh-gradc  steel  reactors  using  cieetneal  energy  in 
order  to  attain  a  pure  calcium  oxide  w  hich  can  in  turn  be  used 
as  precipitant.  It  was  soon  evident,  however,  that  this  method 
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could  not  be  used  for  reasons  of  cosi.  The  subsequent  efforts 
concentrated  on  the  purification  of  industnal  hydraied  lime. 

This  approach  resulted  in  a  practical  solution  to  the  problem 
if  lime  water  is  used  instead  of  lime  milk  for  the  decarboniza- 
tion  process,  for  impurities  can  be  separated  more  easily  from 
lime  *ater  than  from  lime  milk.  The  system  for  the  production 
of  highly  purified  lime  waier  is  shown  in  Fig.  2. 
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Fig.  J.  Scnemauc  diagram  o(  the  iime  water  preparation  sysiem 

Lime  water  is  normally  produced  in  lime  saturators  in  which 
fresh  water  is  fed  from  below  into  a  fluidized  bed  composed  of 
hvcratec:  lime,  and  iime  water  is  drawn  off  at  ihe  top.  These 
conventional  reactors  must  be  very  large  because  they  can 
wort  at  very  low  upilow  velocities.  Moreover,  they  are  sensi- 
tive loflow-raic  fluctuations  ana  also  exhibit  a  number  of  other 
disadvantaces  which  makes  ihcm  appear  to  be  unsuitable  for 
continuous  production  of  relatively  large  amounts  of  iime 
Aaicr  These  disadvantages  are  avoided  by  a  lime  water  prep- 
aration sv>tem  newly  developed  by  the  Landcswasservcrsor- 
sune  Stuttean  shown  in  Fig.  3.  Using  this  system,  the  several 
hours  previously  required  for  the  detention  period  in  the  reac- 
tor can  be  reduced  to  approximately  10  mm. 


After  lime  milk  and  decarbonated  water  are  mixed  inten- 
sively for  a  short  penod  in  a  stirring  tank,  the  mixture  is  intro- 
duced into  a  final  reaction  tank.  In  the  latter,  the  magnesium 
still  present  in  the  decarbonized  dissolving  water,  assisted  by 
the  high  pH  value,  forms  a  highly  settleable  floe,  which 
occludes  the  insoluble  impurities  of  the  hydratedlime.  The  floe 
formation  process  is  augmented  additionally  by  traces  of  a 
coaeulent  aid.  Finally,  the  lime  water  with  the  floes  is  fed  to  a 
thickener  in  which  a  lamella  separator  is  incorporated.  The 
purified  lime  water  flows  out  of  the  latter  to  the  actual  decar- 
bonization stage. 

As  described  above,  the  decarbonization  process  itself  takes 
place  on  a  line  of  the  existing  compact  flocculanon  system  (Fig. 
i).  This  is  implemented  as  follows:  the  precipitation  process  is 
initiated  by  mixing  the  groundwater  to  be  decarbonized  with 
the  highly  purified  lime  water  in  the  first  reaction  chamber.  At 
the  same  time  concentrated  calcium  carbonate  sludge  is  re- 
turned from  the  thickener  and  mixed  intensively  using  the  stir- 
ring devices  in  chambers  la  and  lb.  By  this  means,  the  calcium 
carbonate  precipitated  in  this  process  can  accumulate  to  the 
contact  sludge.  Finally,  a  coagulant  aid  is  added  in  reaction 
chamber  III  in  order  to  improve  the  settling  characteristics  of 
the  calcium  carbonate.  In  this  way  large  floes  are  formed  in  the 
subsequent  chamber  IV.  and  they  can  be  separated  without 
difficulty  in  the  thickener  of  the  compact  floccuiation  system. 
The  outflowing,  decarbonized  groundwater  has  an  extremely 
low  solids  content  and  hardly  loads  the  filters. 

A  new  problem  emerged,  however,  from  tests  on  a  semi-in- 
dustnai  system  (flow  rate:  16  nr/hr):  the  high-purity  calcium 
carbonate  precipitated  using  lime  water  has  an  outstanding 
tendency  to  crystallize.  During  the  first  decarbonization  ex- 
periments performed  using  lime  milk,  the  average  diameter  of 
the  panicles  of  the  calcium  carbonate  sludge  did  not  exceed  15 
—  20  u.m  (50%  value).  When  iime  water  was  used  however, 
thev  grew  within  a  few  days  to  a  diameter  of  approximately  150 
urn.  The  result  was  that  the  sludge  in  the  thickener  was  dense 
to  such  a  crcat  degree  that  it  could  no  longer  be  pumped. 
stored  and  transported.  The  solution  to  this  problem  was  ulti- 
match  prov  ided  by  wet-gnnding  the  sludge.  Different  types  of 
mills  were  tested  to  discover  which  was  the  most  suitable:  in 
this  context  it  should  be  noted  that  such  mills  require  a  rela- 
tively large  amount  of  energy  for  operation.  The  many  studies 
performed  showed  that  the  high-purity  calcium  carbonate 
sludge  should  have  an  average  grain  diameter  of  b— S  urn.  Such 
a  sludge  can  still  be  pumped  and  transported  w  ithout  difficulty. 
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Fie  4.  Compact  f  occu.anon  system  in  decarbonicatiort  operation 


In  addition,  it  proved  to  be  the  case  that  a  so-called  stirring  ball 
mill  can  r>e  considered  as  the  most  suitable  for  wet  grinding 
Here  the  grinding  process  is  effected  by  glass  or  ceramic  beads 
which  are  moved  by  an  agitator. 

Finally,  a  third  problem  remained  to  be  solved,  i.e.  the  con- 
centration of  the  sludge.  Tne  solids  content  of  the  sludge  de- 
veloped in  the  thickener  of  the  compact  flocculation  system  is 
approximately  30-35°o  by  weight.  This  concentration  must  be 
raised  to  approximately  65"o  for  transport  to  the  purchaser 
and  for  further  industrial  utilization.  In  other  words,  about  650 
kc  of  calcium  carbonate  must  be  contained  as  3  dry  substance 
in  one  metric  tonne  of  sludge.  Subsequent  studies  have  shown 
in  the  meantime  that  the  desired  concentration  can  best  be 
achieved  hv  usins  centnfuces. 


The  ne»l>  developed  process  for  groundwater  decarbonization 
with  recovery  of  high-purity  calcium  carbonate 

Based  on  the  comprehensive  preliminary  investigations  and 
the  subsequent  research  results,  the  Landeswasscrversorgung 
Stuttgart  has  now  developed  a  practicable  process  for  ground- 
water decarbonization  with  recovery  of  high-purity  calcium 
carnonate  A  system  in  which  this  process  can  be  implemented 
on  an  tncustnal  scale  is  subdivided  into  the  following  process 
stages: 

1,  Storage  of  calcium  oxide  or  calcium  hydroxide,  metering 
and  preparation  of  lime  milk: 

2.  Lime  water  preparation: 

3    Decarponization  in  the  compact  floccuiation  system; 

4.  Use  of  ball  mills  to  grind  the  contact  sludge  conducted  in  the 
circuit; 

5.  Storage  of  thin  slucge; 

6.  Concentration  of  the  calcium  carbnnate  sludge: 

T.  Stocking  and  loading  of  the  thickened  slurry  to  be  trans- 
ported. 

Figure  5  provides  a  schematic  diagram  of  the  system,  which 
has  been  perfected  technically  in  the  meantime  and  is  currently 
being  implemented  in  the  Langcnau  Waterworks.  It  is  de- 
signed for  3  groundwater  flow  of  up  to  o50  l/sand  the  carbonate 
hardness  in  4  moL'mJ)  is  removed  almost  completely. 

This  sully  decarbonized  pani3i  flow  is  then  mixed  with  water 
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which  has  not  been  decarbonized  so  that  the  resulting  mixture 
has  the  aesired  hardness  of  2.5  mo^nr  The  comoac:  floccula- 
tion svstem  is  the  only  existing  equipment  for  the  eight  process 
stages  listed:  all  other  components  must  be  provided  as  new 
items.  The  additional  costs  are  estimated  at  12  million  DM. 

The  present  calculation  for  the  operating  costs  proceed  from 
the  assumption  that  approximately  600.000  DM'yr.  must  be 
spent  for  power  and  approximately  W10.000  DM'yr.  for  cal- 
cium oxide  and  coagulant  aids.  These  costs  are  covered  by  the 
sale  of  the  highly  purified  calcium  carbonate.  The  remaining 
costs  for  personnel,  maintenance,  repairs  and  depreciation  will 
raise  the  price  of  water  from  the  Landeswasscrversorgung 
Stuttgart  by  approximately  0.015  DMm1  given  annual  delivery 
of  85  million  mJ'yr. 

Conclusions 

The  research  protect  described  here  is  trailblazmg  in  several 
respects.  First  of  all.  it  is  a  mode!  for  analogous  systems  for  the 
decarbonization  of  drinking  water  in  which  the  further  indust- 
rial utilization  of  the  high-purity  calcium  carbonate  produced 
is  to  be  viewed  not  only  in  terms  of  tne  recovery  of  a  raw  mater- 
ia! and  environmental  protection  but  also  from  an  economic 
point  of  view  In  addition,  it  is  to  be  anticipated  that  the  pro- 
ject's individual  system  sections  will  provide  impulses  for  other 
development  work.  This  applies,  for  example,  to  the  decar- 
bonization of  process  water  in  industry. 

The  use  of  the  compact  flocculation  system,  designed  origi- 
nally for  the  treatment  of  surface  water,  as  a  high-rate  decar- 
bonization plant  is  in  itself  an  important  innovation.  Even  if 
the  recovery  of  high-purity  calcium  carbonate  is  not  a  primary 
consideration,  this  method  can  be  used,  for  example,  to  con- 
struct inexpensive,  compact  decarbonization  plants  of  high 
efficiency  which  w-i||  in  many  cases  not  require  any  subsequent 
filtration  of  the  decarbonized  water. 

A  similar  claim  can  be  made  for  the  newly  developed  process 
for  the  preparation  of  highly  purified  lime  water,  which  can  be 
used  for  all  projects  in  wmch  large  amounts  of  lime  water  must 
be  provided  continuously  One  relevant  field  of  application, 
for  example,  is  the  use  of  iime  water  :n  the  operation  of  water 
works  if  the  binding  of  excess,  free  carbon  dioxide  is  an  import- 
ant concern  or  if  the  water  is  to  be  haraened. 
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EMERGING  WATER  SUPPLY  TECHNOLOGY 
PROJECT  DESCRIPTION 


AWWARF  Code  ♦:    WC-06 


Project  Title: 

Biological   Denitrif ikation  Process   with   Hydrogen-Oxidizing 
Bacteria    for   Drinking  Water    Treatment 


Contact  (name  of  person,  organization,  address,  teiepnonej: 

Dipl.    Ing.    Gerhard   Schnoor 

Sulzer   Anlagen-  und   Gebaudetechnik  GmbH 

?OB  380      D-6308   Butzbach     W. -Germany 

Telex:    413448-i      Phone:    06033-8910     Pax:    06033^891 

139 

Project  Description   (Please  attach  a   schematic  diagram   if  appropriate; 

Development   status    ;    full-scale   use 

since   June    87  water    supply  use 

It   is    a   biological    process    in   which   nitrate    is    selectively 

eliminated. 

Nitrogen    gas   is    liberated   during   the   process    but  nc 

ir.crganic    concentrates    cr    salt    scluticr.s   are    produced; 

The   substrate  used    (=   nutrient   for   the  microorganisms)    is 

hydrogen   which   is   completely   harmless   to  potable  water; 

In  contrast  to   other    substrates   as  methanol,    ethanol   or 

acetic   acid  etc.  ,    no    further    steos   are   needed   to  remove 

excess    substrate; 

The  conditions    in   the   biological   reactor   are    co   selective, 

that  only   a   few   species   of   specific  microorganisms   can 

survive    and  develop; 

The   reproduction   rate    (production  of   excess   biomass)    is 

desirably  very    low   and   only  minimal   amounts   of  biomass   need 

to  be   disposed  of; 

The  technical   side  of  the  plant  is  extremely    simple   and 

robust.    Process   management   is    stable   and  reliable. 
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Operating  and  cost  data  '( including  data  on  efficiency,   results,  etc.) 


Please    see   attached   papers 


Placets)    of  instal lation/appl ication   [including  dates) 

Stadtwerke   Mbnchengladbach   GmbH 

Voltastrasse    2 

D-4C50  Mbnchengladbach   1 

Water   Treatment  Work   -  Rasseln 


Patent  staus,  if  applicaole; 
EP  0  065  035  B1 


If  avail aole  attach  descriptive  publications,  technical    literature, 
manufacturers'    specifications,   patent  descriptions,  etc. 
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P-  0011*9 


CO  2  -do*  i  nq 


FM-do*«ng 


Reac;ars_ 


H,- 

Saurator" 


HyOrogenianK 


Ground  wmtef 

pumps 


Rushing  a>r 
blower 

NOj  -Reduction  from  80  mg/I  to  55  mg/1 


Q 


LJ 


\Wiih  water  pumps 


Scheme   of   the   Denitropur  plant 
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Parameter 

Ground- 
water 

Effluent 

Nitrat  (N03) 

mg/l 

<75 

<i 

Nitrif  (NO,) 

mg/l 

<0(02 

<0,C1 

Chlorid  (CL) 

mg/l 

36 

36 

Total 

hardness 

°d 

11 

11 

1 

Carbonate  • 

hardness 

°d 

<1 

<4 

pH  Value 

5,4 

6;8 

Industrial  results  of  the  Denitropur  pi, 
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Layout 

Flow   rate     m  /h 

Ni.trate    concentration  raw  wcter 

(  mg    NO3/I  )  denitrified  water 

Nitrate    elimination   reaction  rate  {kg  N/m^-rj) 


Invest  -cost 

Electro- mechanical  part    incl.  erection 
Loborctory     equipment 
Civil   work 
Div. 


Total     d.OOC    DM 


Operating  costs 

Ccpita!      costs 
Operating    costs 


(DM/  m  3) 
(DM/   m  3) 


Total 


{  Dm  /    m  3  ) 


50 
60 
<5 

0.25 


1.000 

1  10 

300 

L  0 


450 


0.39 
0.26 


JL6! 


Investment  and  operating  costs  of 
Denitropur  plant 


wG-35 


i  3£         Water  and  Waste-Water 

Engineering 


.     _  _ SULZER 


I 
I 


Treatment 


of 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1  DENITROPUR®-Process 


Nitrate-contaminated 
Drinking  Water 
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UtNl  I  HUKUM-IN5  I ALLAI  IUN 

M6NCHENGLADBACH  municipal  waterworks 


Hydrogentank         Scaveng.n8  a.r  blower 


Wash  water  pumps 


GrounO  water  Dumps 


NOi-Reduction  from  80  mg/l  to  £  5  mg/l 


Treatment  of  Nitrate-contaminated  Drinking  Water 


1.  Nitrates  in  drinking  water 

Over  the  past  few  decades,  the  nitrate  content 
of  numerous  subterranean  waters  has  in- 
creased considerably  in  the  Federal  Republic 
of  Germany  and  in  several  other  European 
countries. 

The  nitrate  concentration  (NOj)  in  drinking  wa- 
ter has  to  be  kept  low,  due  to  the  possibility  of 
forming  cancer-inducing  nitrosamines  after 
the  reduction  of  nitrate  to  nitrite  in  the  bowel 
and  to  the  danger  of  causing  cyanosis  in  small 
infants. 

In  accordance  with  the  EEC  Directives  con- 
cerning Drinking  Water  Quality,  the  maximum 
permissible  value  for  the  nitrate  content  of 
drinking  water  is  50  mg/l  and  the  standard 
value  25  mg/l. 

The  nitrate  content  of  numerous  subterranean 
and  spring  waters  is  determined  by  the  condi- 
tion of  the  ground,  the  nature  of  the  vegetation 
or  the  agricultural  exploitation  of  same:  above 
all  by  the  use  (selection  and  extent)  of  fertilizers 
which  has  become  current  over  the  past  few 
decades.  Attempts  to  influence  the  situation, 
i.e.  to  lower  the  nitrate  concentration  in  a  parti- 
cular subterranean  water  and  the  elimination  of 
the  practices  causing  the  nitrate  content  to  rise 
are  long  term  in  character.  Hence  many  water- 
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works  dealing  with  subterranean  waters  are 
nowadays  compelled  to  use  short 'or  medium 
term  process  engineering  measures  to  lower 
the  nitrate  content  in  a  water  intended  for  the 
drinking  wafer  supply  network. 
In  some  water  supply  undertakings  it  is  pos- 
sible to  intermix  subterranean  waters  contain- 
ing nitrates  with  other  waters  whose  nitrate 
content  is  very  low.  This  is,  however,  not  pos- 
sible in  some  locations.  Denitrif ication  on  site  is 
then  necessary. 

2.  Types  of  denitrification  process 

At  present,  the  following  processes  can  be  ap- 
plied for  denitrification: 

-  Processes  using  ion  exchangers 

-  Reverse  osmosis 

-  biological  denitrification. 

•  Processes  using  ion  exchangers  are  charac- 
terized by  a  high  consumption  of  chemicals. 
These  chemicals  are  costly  and  result  in  con- 
centrated solutions  (effluent)  which  have  to 
be  suitably  disposed  of.  Where  the  conta- 
minant loading  of  the  effluent  is  to  be  re- 
duced, the  ion  exchanger  plants  have  to  be 
very  complicated  and  expensive. 

•  Reverse  osmosis  uses  higher  pressures  in 
order  to  separate  the  water  from  the  ions  dis- 
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solved  in  it  via  a  semi-permeable  mem- 
brane. Depending  on  the  actual  chemical 
content  of  the  water,  a  preliminary  and/or  a  fi- 
nal treatment  stage  are/is  required  also  here. 
The  disposal  of  the  incident  concentrates, 
i.e.  the  effluent,  is  here  also  a  considerable 
problem. 

•  In  the  case  of  biological  denitrificafion,  there 
are  two  different  processes,  i.e.  with  hetero- 
trophic and  with  autotrophic  microorga- 
nisms. 

•  Heterotrophic  denitrification  processes 
have  been  tried  out  in  various  ways  for  the 
denitrification  of  drinking  water.  In  this  pro- 
cess, the  residual  amounts  of  organic  subs- 
tances, excess  quantities  of  which  may  pos- 
sibly have  been  metered  in,  e.g.  methanol, 
ethanol  or  acetic  acid,  have  to  be  broken 
down  after  completion  of  biological  denitrifi- 
cation in  orderto  be  able  to  supply  high  qual- 
ity drinking  water. 

•  There  has  tc  be  absolute  certainty  that  no  or- 
ganic nutrient  substrates  penetrate  into  the 
drinking  water  supply  network,  since  such  a 
penetration  would  immediately  lead  to  germ 
propagation. 

3.  Autotrophic  dentrification  using  hydrogen 

Autotrophic  denitrification  using  hydrogen  has 
a  big  advantage  compared  with  a  heterotrophic 
process,  in  that  the  use  of  hydrogen  avoids 
problems  associated  with  removing  excess  or- 
ganic materials  at  the  outlet  of  the  plant. 
In  the  course  of  this  process,  the  nitrate  is  prac- 
tically completely  degraded  and  no  salt  or  ni- 
trate containing  concentrates  are  produced. 
The  residual  is  merely  gaseous  nitrogen. 

The  overall  balance  of  the  respiration  se- 
quence and  energy  generation  by  these  so- 
called  autotrophic  microorganisms  can  be 
represented  by  the  following  equation: 
5H2  +  2H+  +  2NO;-N2  +  6H20 
The  oxygen  atoms  (0)  of  the  nitrate  (NO;)  serve 
to  oxidize  the  hydrogen  (H2)  to  water  (H20)  and 
the  nitrate  is  thus  reduced  to  form  gaseous  ni- 
trogen (N2). 

This  reaction  equation  was  confirmed  experi- 
mentally. 

Approximately  9  mg  of  H2  are  required  to  eli- 
minate TOO  mg  NO;. 


The  installation  now  operating  at  Monchen- 
gfadbach  reduces  the  nitrate  content  of  the 
subterranean  water  by  about  80  mg/t  NO;  to 
less  than  5  mg/l  NO;,  i.e.  the  decrease  amounts 
to  93  %,  and  the  design  capacity  is  50  m7h  of 
raw  water.  The  plant  is  very  simple  in  layout  and 
consists  essentially  of: 

-  hydrogen  saturator 

-  Denitropur®  reactors 

-  filter  with  aeration  column. 

The  dimensions  of  the  plant  are  such  that  it  is 
capable  of  dealing  with: 

-  96  kg  per  day  nitrate  in  the  raw  water  and 

-  6  kg  per  day  in  the  filtrate. 

Autotrophic  aenitrification  occurs  in  the  Deni- 
tropur8 reactors,  which  are  of  fixed  bed  design. 
The  carrier  material  used  provides  a  large,  well 
accessible  surface  for  microorganism  propa- 
gation. Good  propagation  and  working  condi- 
tionsforthe  microorganisms  result  from  The  ho- 
mogeneous distribution  of  all  media.  A  suffi- 
ciently long  retention  time  enables  practically 
complete  elimination  of  nitrates. 
The  necessary  oxygen  enrichment  as  well  as 
the  removal  of  the  solid  substances  present  in 
the  subterranean  water  and  produced  as  a  re- 
sult of  denitrification  take  place  in  the  final 
stage.  This  final  stage,  which  is  located  down- 
stream of  the  Denitropur®  reactors,  is  made  up 
of  an  oxidation  column  and  a  filter. 
Suitable  flushing  units  are  employed  for  the 
backwashing  of  the  Denitropur  reactors  and 
of  the  filter. 

Summarizing,  the  Denitropur®  process  pro- 
vides the  following  advantages: 

•  Simple  plant  layout,  hence  high  degree  of 
operating  reliability 

•  Admixing  of  only  completely  safe  sub- 
stances, which  would  not  have  any  deleteri- 
ous effect  on  the  drinking  water  quality  even 
should  a  faulty  manipulation  occur 

•  low  chemical  costs  (hydrogen) 

e.g.  80  mg  NO;  =  approx.  0.073  DM/m3  water 
50  mg  NO;  =  approx.  0.045  DM/m3  water 
30  mg  NO;  =  approx.  0.027  DM/m3  water 
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Water  engineering 

Design  and  construction  of  complete  installations  and 
plant  components  for  the  treatment  of  spring-,  ground- 
and  surface-water  to  be  used  as  drinking-  or  service- 
water  for  public  and  industrial  utilities 

Wastewater  engineering 

Design  and  construction  of  complete  installations  and 

plant  components  for  the  purification  of  industrial  waste 

water  tor  recycling,  components  recovery  or  discharge 

into  the  municipal  sewage  plants  or  the  natural  circuit, 

as  well  as  for  advanced  treatment  of  municipal  waste 

water 


Hot-water  and  steam  generating  plants 

Components  tor  nuclear  power  stations 

Gas  turbines 

Diesel  engines 

Marine  equipment 

Water  turbines 

Storage  pumps  and  pump-turtjines 

Valves  and  control  systems  for  power  stations 

Syngas  coolers 

Pumps,  compressors  and  blowers 

Machinery  tor  the  fiber-cement  industry 

Plants  for  the  manufacture  of  paper  and  millboard 

Textile  machines 

Heating,  ventilating  and  air  conditioning  systems 

Plumbing  and  fire-protection  systems 

Refrigerating  and  cryogenic  plants,  heal  pumps 

Plants  for  distillation,  evaporation  and  drying 

Centrifuges  and  mixing  processes 

Water  cooling  systems 

Irradiation  plants 

Medical  engineering  products 

Locomotives  and  railcars 

Electronic  regulating  and  control  oevices 

Industrial  gears 

Parts  manufacture 

Foundry  products 

Engineering  of  complete  plants 
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Biological  Devitrification  Process  with  Hydrogen-Oxidizinc 
Bacteria  for  Drinking  Water  Treatment 


B.  Gros*,  G.  Schnoor**,  p.  Rutten*** 

Sulzer  Water  and  Waste  Water  Treatment, 
CH-84Q1  Winterthur,  Switzerland 
Sulzer  Warser-  und  Abwacsertechnik, 
Postfach  3  80,  D-6308  Butzbach,  Germanv 
Stadtwerke  Monchengladbach, 
D-4050  Monchengladbach,  Germanv 


*** 


Introduction 

The  development  of  the  DENITRCPUP*  process  was  started  at  the 
end  01  the  i9,0s.  Arter  considering  ail  relevant  methods, 
Sulzer  aecided  on  this  particular  one  because  it  allows  the 
most  reliable  biological  treatment  of  a  water  sutplv  to  be 
achieved  The  DENITROPUR  process  has  properties  which  make  it- 
use  in  the  preparation  of  drinking  water  very  attractive: 

It  is  a  biological  process  in  which  nitrate  is  selectively 
eliminated.  2 

Nitrogen  gas  is  liberated  during  the  process  but  nc 
incrganic  concentrates  or  salt  solutions  are  produced; 

-  .he  substrate  used  («  nutrient  for  the  microorganisms)  is 
hydrogen  which  is  completely  harmless  to  potable  water; 

•  In  contrast  to  other  substrates  as  methanol,  ethanol  or 
acetic  acid  etc.,  no  further  steps  are  needed  to  remove 
excess  substrate; 

-  The  conditions  in  the  biological  reactor  are  so  selective 
that  only  a  few  species  of  specific  microorganisms  can 
survive  and  develop; 

-  The  reproduction  rate  (production  of  excess  biomass)  is 
desirably  very  low  and  only  minimal  amounts  of  biomass  need 
to  be  disposed  of; 

-  The  technical  side  of  the  plant  is  extremely  simple  and 
robust.  Process  management  is  stable  and  reliable. 

Laboratory  and  pilot  studies,  some  of  which  were  carried  out 
under  Official  supervision,  have  repeatedly  confirmed  the 
^  S-"1  £n?  eco^i?al  feasibility  of  the  process  as  well  as 
tne  bacteriological  cleanliness  of  the  water  produced. 

The  described  plant  has  been  supported  by  the  German  Federal 
Ministry  for  Research  and  Technology  (BMFT)  and  has  been 
realised  at  the  treatment  works  of  Rasseln,  one  of  the  di*fe- 
"rg)?    S  °f  the  municiPalitY  of  the  town  of  Monchengladbach 

After  start-up  in  February  1986  the  plant  reached  its  full 

;ra^:^^C^per;°rma?ce  «ithia  some  weeks.  In  the  meantime 
steabier°andSre?i^lI  one*  **  *"  »«**»*■*  P«C«S.  is  a  very 
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After  some  basic  considerations  on  the  biological  autotrophic 
denitrif ication  with  autotrophic  hydrogen  oxidizing  micro- 
organisms and  on  the  basis  of  the  process  design,  the 
Denitropur  plant  and  the  achieved  results  are  described. 

Hydrogen  as  Substrate  for  the  Biological  Der.itrif ication 

The  use  cf  hydrogen-oxidizing  microorganisms  for  the  biological 
denitrif ication  has  been  described  earlier  (Bringmann  and  Kuhn 
(1963) ,  Schlegel  (1S76) .  It  has  been  confirmed  as  a  possible 
way  for  the  drinking  water  production  after  different  labor- 
and  pilot-plant  run,  where  the  biological  and  chemical  quality 
of  the  produced  water  was  finally  controled  by  the  local  water 
authority  (Ginocchio  (1980),  Gros ,  Kyburz  and  Gmiinder  (1981-83) 
Berdat ,  Miiller,  Lienhart  and  Gros  (1962). 

The  described  nitrate  elimination  is  carried  out  by  autotrophic 
hydrogen  oxydizing  microorganisms  which  naturally  occur  in 
lakes,  brooks  or  groundwater.  These  microorganisms  are  able  to 
use  molecular  hydrogen  as  an  electron  donor.  Through  the 
oxidation  of  hydrogen,  they  are  able  to  meet  the  energy 
requirement  for  assimilating  inorganic  carbon  (CO- ,  HCC„~) . 
In  the  absence  of  oxygen,  nitrate-ions  are  used  a§  the  Source 
of  oxygen  and  the  nitrate  becomes  reduced  to  nitrogen.  This 
reaction  is  called  "dissimilatory  nitrate  reduction"  or 
"nitrate  respiration". 

Only  a  few  microorganisms  are  able  to  reduce  nitrate  in  the 
presence  of  hydrogen.  A  strong  biological  selection  thus 
occurs. 

The  reaction  occuring  in  the  process  is  represented  by  the 

equation: 

5  H2  +  2  H+  +  2  N03"  ■  H.  +  6  H20 

which  has  been  confirmed  experimentally.  In  order  to  eliminate 
100  mg  NO.,  ,  about  9  mg  K0  are  needed.  One  can  notice  here  the 
necessity  to  provide,  beside  molecular  hydrogen,  a  given 
amount  of  hydrogen  ions  i.e.  of  acid.  Part  of  it  may  be  given 
by  the  buffering  reaction  of  carbon  dioxide  present  in  the 
water  to  bicarbonate ,  the  rest  added  in  form  of  carbon  dioxide 
or  of  anorganic  acid.  The  amount  of  anorganic  carbon  neces- 
sary for  the  slow  growth  cf  the  microorganism  is  easily 
covered  by  the  anorganic  carbon  present  in  the  water.  If  not 
present  in  sufficient  amount  in  the  water,  nutrient  (mainly 
phosphate)  should  be  added  too,  mainly  to  ccver  cell  growth. 
The  reaction  rate  of  the  microorganisms  and  the  completion  of 
the  reaction  without  nitrite  formation  is  strongly  dependent 
of  the  above  mentioned  parameter.  Substrate  and  nutrient  have 
to  be  made  available  at  at  least  the  stochiometric  quantities 
and  the  pH-value ,  which  plays  a  non-negligible  role  on  the 
reaction  rate  (s.  Kurt  (1986)  ,  possibly  kept  at  its  optimum 
value. 
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The  Basis  of  Process  Design 

The  above  mentioned  conditions  should  be  maintained  for  all 
active  microorganisms  in  the  biological  reactor,  i.e.  through 
the  whole  depth  of  the  biofiim. 

The  considered  autotrophic  microorganisms  have  a  growth  rate 
of  the  order  of  magnitude  of  0.1  to  0.3  d   .  As  it  is  often 
the  case  in  biological  systems  with  such  microorganisms,  they 
must  be  kept  or  recycled  within  the  svstem  to  avoid  their 
"wash  out" . 

Biological  systems  with  fixed  biomass  are  well  adapted  for 
such  cases.  There  is  no  need  for  a  possible  sensitive  separa- 
tion stage  where  biomass  would  be  separated  from  the  produced 
water  before  being  recirculated.  Systems  with  attached  biomass 
are  thus  well  adapted  for  cases  where  the  substances  to  be 
metabolized  are  present  in  small  concentration  and  where 
relatively  large  variations  of  the  operational  parameters,  f. 
ex.  step  and  gc ,  are  possible. 

Different  granular  or  filling  materials  may  be  used  as  carrier 
and  operated  either  as  fixed  or  as  fluidized  bed  reactor. 

In  the  present  case  the  constraints  to  the  carrier  are  manv. 
First  the  concentration  of  mi crc organisms  per  unit  volume  of 
the  system  must  be  high  as  the  reaction  rate  is  relatively 
low.  Second  the  reaction  partners  i.e.  the  nitrates  in  the  raw 
water,  the  hydrogen  and  the  microorganisms  should  be  held  in 
intensive  contact  with  each  other.  Enough  specific  area  of 
biofiim  should  thus  be  available  per  unit  of  volume  and  the 
energv  input  for  mixing  i.e.  for  mass  transport  of  the  sub- 
strates to  the  microorganisms  used  as  efficiently  as  possible. 

Mixing  elements  (Mellapak)  from  Sulzer  with  a  3-dimensional 
corrugated ^ structure  have  been  found  in  preliminary  studies  to 
be  well  suited  carriers.  In  addition  they  perform  an  efficient 
fluid  redistribution  so  that  preferenced  flow  and  dead  zone 
may  be  avoided.  Their  operation  and  backwashing  is  very  easy, 
as  no  expansion  nor  medium  losses  may  occur.  Furthermore  they 
may  have  a  large  surface  area  which  is  readily  available  for 
colonisation  by  the  microorganisms.  A  long  enough  residence 
time  in  the  reactor  was  necessary  to  complete  the  nitrate 
elimination.  The  typical  value  ranged  from  1  to  2  h.  Increa- 
sing the  pressure  in  the  reactor  leads  to  an  increase  (2  x)  in 
the  performance  of  the  reactor.  This  can  besr  be  explained  by 
the  better  transport  mechanism  of  hydrogen  to  the  biofiim  and 
its  deeper  penetration,  as  the  concentration  of  dissolved 
hydrogen  is  increased  by  pressure.  Increasing  the  linear 
velocity  of  the  recirculated  water  had  a  similar  effect r  which 
indicates  here  the  importance  and  the  way  to  influence  the 
mass  transport  and  the  penetration  of  nitrate  to  the  surface 
and  in  the  depth  of  the  biofiim. 

All  these  considerations  led  to  the  design  of  the  industrial 
plant  (s.  Fig.  1) .  The  hydrogen  is  introduced  before  the 
reator  system.  The  carriers  are  filled  up  in  different  reactors, 
designed  in  such  a  way  that: 
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-  The  water  is  flowing  through  the  reactors  in 
series  resulting  in  a  concentration  profile  and 
in  linear  water  velocities,  which  both  enhance 
the  reaction  rate 

-  presure  i.e.  hydrogen  concentration  can  be  main- 
tained high,  at  least  at  beginning  of  the  reactor, 
where  the  nitrate  concentration  and  the  reaction 
rate  reach  their  highest  values 

-  efficient  backwashing  of  the  plant  is  possible 
while  maintaining  stable  performances. 
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Fig.  1:  Scheme  of  the  Denitropur  plant 


The  plant  is  laid  out  to  treat  ground  water  and  produce  100 
m3/h  drinking  water  containing  about  40  mg/1  of  nitrate.  The 
available  ground  water  containing  about  80  mg/1  of  nitrate  is 
denitrified  in  the  DENITROPUR  plant  and  then  blended  with 
untreated  ground  water.  The  nitrate  load  eliminated  amounts 
to  90  kg  NO_/d.  The  process,  as  shown  schematically  on  Fie.  1, 
consists  of: 

-  ground  water  pumping  station 

-  hydropen  inlet  (saturation) 

-  PO,    -dosing  unit 

-  biological  reactors  containing  the  carrier 

-  Co --dosing  unit 

-  counter  current  aeration 

-  two- layer  filter 

-  UV-des infection 

The  ground  water  is  pumped  with  a  pressure  of  4  to  6  bar  to 
the  hydrogen  inlet  device,  where  it  is  saturated  with  hydrogen 
gas.  The  water  flows  then  through  the  biological  reactors 
connected  in  series. 
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There  the  dosage  of  acid 
positions  of  the  system. 
i.e.  after  a  certain  res 

denitrified  and  flows  th 
where  it  is  oxygenated  a 
possibly  of  hydrogen  is 
lating  agent  the  water  i 
amounts  of  biomass  and  s 
produced  in  the  plant  is 


and  nutrient  may  be  done  at  different 
After  a  certain  number  of  reactors, 
idence  time  the  water  is  completely 
en  over  the  counter  current  aeration, 
gain  and  the  excess  of  nitrogen  and 
removed.  After  an  addition  of  floccu- 
s  filtered  to  eliminate  possible  small 
terilized  by  U.V.  The  wash  water 
collected,  cleared  and  percolated. 


Fig.  2  is  an  outside  view  of  the  plant  showing  mainly  the 
biological  reactors.  All  the  tubing,  valves  and  control 
equipment  are  placed  inside  the  building. 
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2:  Outside  view  of  the  Denitropur  plant 


Due  to  the  hydraulic  principle  of  the  plant,  the  operation  is 
straight  forward  and  thus  very  stable  and  cf  easy  operation 
and  control,  from  the  hydraulic  as  from  the  biological  point 
of  view. 

From  the  view  of  the  security  authority  it  could  be  said  that 
hydrogen,  the  main  component  of  our  old  city-gas  is  much  less 
critical  than  the  earth  gas  present  in  every  kitchen  or  the 
chlorine  used  in  many  water  works.  Nevertheless  the  concept  of 
the  plant  includes  a  multiple  active  and  passive  safety  such 
as: 


I 


-  only  in  water  dissolved  hydrogen  is  present  at 

very  small  concentrations" in  the  biological  reac- 
tors 
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-  the  room  with  the  closed  hydrogen  inlet  device  is 
itself  opened  to  the  atmosphere  and  equipped  with 
very  sensitive  hydrogen  detectors 

-  no  accumulation  of  gaseous  hydrogen  is  possible  in 
any  part  of  the  plant  building. 

Fig.  3  shows  how  the  denitrifying  performances  still  continued 
to  grow  until  the  nitrate  could  be  eliminated  to  the  specified 
level  5  mg  NO  /l  within  a  residence  time  of  the  water  in  the 
reactor  of  about  1  hour. 

The  quality  of  the  water  reached  after  the  biological  reactor 
is  represented  on  Tab.  1.  The  nitrate  is  eliminated  to  a  very 
low  value  as  it  is  the  case  for  nitrite.  Nitrite  is  always 
lower  than  0.1  mg  NO_/i  within  the  whole  biological  reactor 
and  becomes  lower  than  0.01  mg  NO-/1  when  nitrate  reaches  the 
value  of  1  mg  NO.,/1. 


Parameter 

- 

Ground- 
water 

Effluent 

Nitrst  (N02) 

mg,'! 

<75 

<1 

Nitnt  (N02) 

mg/1 

<0,02 

<0,01 

Chlorid  (CD 

mg  /I 

36 

36     • 

Total 

hardness 

°d 

11 

11 

Carbonate 

hardness 

°d 

<1 

<U 

pH  Value 

5.4 

6;8 

Table  It  Industrial  results  of  the  Denitropur  plant 

Beside  a  classical  free  programmable  control  unit  for  its 
"normal"  operation  of  the  plant,  as  it  is  a  research  object, 
is  equipped  with  a  lot  of  continuing  measuring  devices.  This 
makes  it  possible  to  measure  centrally  parameters  such  as 
nitrate,  nitrite,  oxygen,  hydrogen,  pH,  Redox,  temperature  and 
turbidity  occuring  at  different  locations  in  the  plant  and  to 
store  it  for  evaluation  in  an  on-line  computer. 

The  results  presented  in  Table  1  were  obtained  after  the  plant 
had  been  optimized.  It  can  be  seen  from  these  results  that  the 
aim  of  eliminating  nitrate  on  a  technical  scale  without  a 
simultaneous  formation  of  nitrite  could  be  achieved.  To 
express  how  the  performance  occurs  during  the  process,  Fig.  3 
shows  the  concentration  profile  of  Nitrate  and  Nitrite  as  a 
function  of  the  residence  time. 
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Fig.  3-  Nitrate  and  nitrite  concentration  profile  as  a  func- 
tion of  time 

The  results  of  -he  increase  of  the  reaction  rate  of  nitrate 
elimination  v7ith  time,  confirm  the  order  of  magnitude  of  the 
growth  rate  of  the  autographic,  hydrogen  cxydizing  microorga- 
nisms (growth  rate  -  0.1  to  0.3  d   ).  It  follows  that  a  single 
biological  reactor  unit  will  have  to  be  washed  about  every  2 
to  4  weeks  to  remove  the  excess  biomass. 

The  fact  that  at  the  beginning  of  the  line  of  biological 
reactors,  the  reaction  rate  of  nitrate  elimination  has  its 
highest  value  and  then  decreases.  Although  this  fact  could  be 
explained  by  both  higher  concentration  of  nitrate  and  of 
hydrogen  one  gets  there,  the  hydrogen  concentration,  if 
present  in  amounts  superior  or  equal  to  stochiometry  did  not 
shov;  a  strong  effect  on  reaction  rate.  This  might  be  explained 
with  the  high  molecular  diffusion  coefficient  of  hydrogen 
which  deminishes  resistance  to  mass  transport  to  and  within 
the  biofilm. 

This  is  less  the  case  for  the  nitrate  concentration  and  its 
influence  on  the  reaction  rate  of  nitrate  elimination.  Figures, 
which  are  found  earlier  by  Gros  and-  Ginocchio  (1982)  ,  are 
quite  confirmed  and  surpassed  here.  This  strongly  underlines 
the  effect  of  mass  transport  primary  to  the  biofilm  and  partly 
within  the  biofilm,  both  points  which  were  considered  care- 
fully at  the  basis  of  the  process  design. 
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further    investigation ,    economical 


aspects 
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Beside  the  follow-up  of  the  physico-chemical  process  parameter 
which  is  realized  by  the  municipal  works  of  Mcnchengladbach, 
the  microbiology  is  followed  by  F.  Seienka  and  R.  Dressier 
from _ the  Ruhr-Universitat  in  Bo chum.  After  having  developed 
specific  analytic  methods  and  criteria  to  characterize  the 
autotrophic  cryophilic  hydrogen  oxydizing  microoganisms ,  they 
already  could  follow  the  specific  development  of  these  auto-" 
trophic  microorganisms.  Although  there  are  different  micro- 
organisms in  presence,  all  belonging  to  the  normal  aquatic 
microflora,  the  autotrophic  hydrogen  oxydizing  microorganisms 
have  developed  to  population  densities  up  to  over  10 3  times 
more  elevated  than  the  other  ones. 

During  the  more  than  one  year  opera-Lion  time  of  this  first 
plant  on  technical  scale  the  bacteriological  and  hygienic 
results  have  been  in  accordance  to  the  regulations' of  the 
German  drinking  water  standards  (TVO) 

Considering  the  economical  aspect  of  the  Denitropur-process  it 
was  found  that  the  cost  of  the  process  using  a  plant  of  normal 
construction  (not  counting  the  numerous  analytical  and  techni- 
cal devices  needed  for  the  research  program)  and  taking 
investment  and  operation  costs  into  account  amounts  tc"o,33 
DM/m3  of  drinking  water.  It  has  to  be  recognized  that  this  - ■ 
figure  has  to  be  set  in  relation  to  the  scale  of  the  described 
plant. 

Plants  of  larger  scale  will  have  less  process  cost. 

It  can  thus  be  concluded  that  the  Denitropur-process  of 
nitrate  removal  by  autotrophic  hydrogen  oxidizing  microorga- 
nisms is  fulfilling  its  performances  and  is  competitive  from 
the  technical,  microbiological  and  process  aspect  as  trail  ais 
from  the  economical  one.  (Table  2) 


Layout 

Row.   rat*     m'/h 

so 

Nitrate    concentration          rav»  water 

60 

(  mg,    NO^/l  1                               denitrified  water 

<5 

Nitrate    elimination  reaction  rcte  (kg  N/m3.a) 

0.25 

Invest -cost 

Electro-  mechanical  part    inc!   erection 

1.000 

Laboratory    equipment 

110 

Civil  work 

300 

Oiv. 

40 

Total    (1000    DM  1 

uso 

Operating   costs 

Capitol      costs        I  DM/  m  3) 

0.39 

Operating    costs        (DM/   mJ) 

0.26 

Total                            I  DM'    m3  1 

n  55 

Table  2:  Investment  and  operating  costs  of  a  Denitropur  plant 
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